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ADVERTISEMENT. 


Tue Royar Society or Epinsurcu having 
folved on an annual publication of their Tran- 
factions, it has become neceflary to make fome chan- 
ges in the arrangement of the volumes. The Pa-. 


pers, whether Phyfical or Literary, are now intro- 


duced promifcuoufly, without being diftinguifhed, as 


before, by thofe feparate titles ; and the divifion into 
PARTI, PART II, &c. is to be underftood as _ re- 
ferring only to the order of time, according to which 
the different collection of Papers, that are to enter into 
the fame volume, fhall happen to be publithed, At the 
end of the laft Part of each volume will be given the 
_ Hiftory of the Society, including, as ufual, the Bio- 
graphical Accounts, the Lift of Members, and fuch 
details concerning the proceedings of the Society as 
it may be thought proper to lay before the Public. 


EDINBURGH, 
Aug. I. 1799. 


x*y The General Title will be given along with the laft Part of the 
Volume. 
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‘of certain relating to the Fi 


GuRE of ‘the EARTH. By Foun PLATFAIR, F. R.S. | 


and Prefer fs Mathematics in tbe Univerfty Edinburgh, 


+ 5 1798. 


THE obfervations which have been made to determine the 
 Moagnitude ‘and!:figure of the earth, have: not hitherto 
ie to refults. completely fatisfactory. They have indeed de- 


monftrated the compreffion « or oblatenefs. of the terreftrial fphe-. 
roid, but they,have left an uncertainty as to the quantity of 


shat extending from, about he one hundred. and 


of ‘the equator. Between. thefe. two ‘the former of 
which i is nearly double of the latter, moft of. the refults are pla- 
ced, but i in fuch a manner that thofe. beft entitled to credit are 
much nearer to the leaft extreme than to the greateft, ‘Sir Isaac 
Newron, as is well known, fuppofing the earth: to be iad uni~ 


form denfity, for the. at the Poles 535 


. 
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ly a mean between the two limits juft mentioned; and it is pro- 


4 INVESTIGATION of certain THEOREMS 


bable, that, if the compreflion is lefs than this, it is owing to the 


increafe of the denfity toward the centre. Boscovicu, taking © 
a mean from all the meafures of degrees, fo as to make the po- 


fitive and negative errors ae, found the difference of the 


axes of the meridian = oa By comparing the degrees mea-. 


fared. by, Father, Lercanic. in. Germany, with eight others 


| that have been meafured i in different latitudes, La Lan DE finds 


Ty and, ‘fappreffing the degree in ‘Lapland, which appears to 
err in excefs, — rer for the conipeeflion. La PLace makes it 
Seyour and, laftly, Canrouce and La Lanve 


THESE ie <e which reduce the excentricity of the meridians 


| fo much lower than was.once {uppofed, . agree well with the ob- 
fervations of the length of the pendulum made in different lati- 


tudes. Were the earth a homogeneous body, Sir Isaac New- 
TON. the diminution .of, grayity under the, 
equator would-be exprefied the: fame: fragtion with 


the: compreffion at the poles. CLAIR Av Lt made afterwards" 
a-very iniportant addition to this’theorem ‘he thewed, that” 


ifthe’ datthibe thor ‘but have a’ ‘that 
with any fun@ion‘of the fromthe’ ‘the two ‘frac? 


tions, expteffing the éomipreffidti at’the’ the 
tion ‘of gravity at the equator, ‘when ‘added together, muft be ‘of’ 


the! Partie” as’ in’ the’ fpheroid, that’ is,” 
mu rift ‘be ip. No OW), the fecond ‘pendulum is 


cluded, from the: ‘Deft and mott recent obfervations, to be longer’, 


_at the pole than at; the equator. by = Fra and Pity taken: from Thy! 
leqves for the compreflion.at the poles. 
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Relating ‘to ‘tht FIGURE of the - EAR TH,’ 


2. Bur though fraion not very ‘different from 


it, fhould be admitted as the ‘moft probable. value of the. com-_ 


preflion, or ellipticity, as it is called, ‘of: the terreftrial, fpheroid, 
it {till remains to be explained, why | all the obferyations, confi- 
| dering the care with which they. have been made, do not. agree 
more nearly with this conclufion. Among the caufes that may 

be afligned for this inconfiftency, though unavoidable miftakes, 


and the imperfeétion of inftruments, muft come in. for a part, 


there can be little doubt that local irregularities i m the direction | 
of gravity have had the greateft fhare in producing 4 at. Of thefe 


irregularities, that which arifes from the attraction of moun-, 


tains has had its exiftence proved, and its quantity, in one cafe, 
-afcertained, by the very accurate obfervations of the prefent 
Aftronomer-Royal at Schehallien in Perthfhire. We may trace. 
the operation of this caufe in many of the degrees that have. 
been actually meafured.. Thus, in. the degree at Turin, when © 
divided into two parts, and each eftimated feparately, that which 
was to the north of the citys and. pointed toward Monte Rofa, 
the fecond ef the Alps in elevation, and the firft perhaps in 
magnitude, was found greater in proportion than that toward. 
the fouth, the plummet having been attraéted by the mountain 
above mentioned, and the zenith made of confequence t oF 
toward the fouth. There are no doubt fituations in which the 
meafurement of a. {mall arch might, from a fimilar caufe, give 
the radius of curvature of the meridian infinite, or even nega- 
tive. | 
Bur there is another kind of. local in 
tion of gravity, that may alfo have had.a great effect-in difturb- 
ing the accuracy of the meafurement of degrees. The irregula- 
rity I mean is one arifing from the unequal denfity of the ma- 
terials under and not far from the furface of the earth; and 
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this caufe of error is formidable, not only becaufe it may go 
to a great extent, but becaufe there is not any vifible mark by 
which its exiftence can always be diftinguifhed. The difference 


between the primary and fecondary ftrata is probably one of 


the chief circumftances on which this inequality depends. The 
primary ftrata, efpecially if we include among them the granite, 
may often have three times the-fpecific gravity of water, whereas 


the fecondary, fuch as the marly and argillaceous, frequently — 


have not more than twice the fpecific gravity of that fluid. Sup- 


pofe, then, that a degree is meafured in a country where the 


{trata are all fecondary; and happens to terminate near the 


junction of thefe with the primitive or denfer ftrata, the line — 


of which jun@ion we fhall alfo fuppofe to lie nearly eaft and 
weft; the fuperior ’ attraction of the denfer ftrata muft draw 


the plummet toward them, and make the zenith retire in the. 


oppofite direction ; thus diminifhing the amplitude of the celef- 


‘tial arch, and iicreafing, of confequence, the geodetical meafure 


affigned to a degree.‘ From fuppofitions, no way improbable, 
concerning the denfity and extent of fuch maffes of ftrata, I 


have found, that the errors, thus: produced, may eafily ax amount 


to ten or twelve feconds. | 


3. WHILE we continue to draw our conclufions, about the fi- 
gure of the earth, from the meafurement of fingle degrees, there 
appears to be no way of avoiding, or even of diminifhing, the 
effects of ‘thefe errors. But. if the arches meafured are large, 
and confift each ‘of feveral degrees, though there fhould be the 
fame error in determining their celeftial amplitudes, the effect 
of that error, with'refpect to the magnitude and figure of the 


earth, will become inconfiderable, being fpread out over a great- 
er interval ; and it is, therefore, by the comparifon of two fuch 


arches chit the moft accurate refult is likely to be obtained. 


But, in purfaing this method, finee the arches meafured cannot 


be 
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Relating to the FIGURE of th EARTH. 


be treated as fmall quantities, or mere fluxions’ of: the earth’s 
circumference, the calculation muft be made by. Fules quite dif- 

_ ferent from thofe that have been hitherto’ employed. . Thefe 
_ new rules are deduced from the following analyfis. 


4 Let the ellipfis ADBE (fig, 1. Pl. L) reprefent a ‘aididian 


-pafling through the poles D and E, and cutting the equator in 
. Aand B. Let C be the centre'‘of the earth, AC; the radius of 
” the equator, = 4, and DC, ‘half 'the polar axis, =": *Let'FG be 
any very fmallarch of the meridian, having its centre cur- 
vature in H; join HF, HG cutting AC in K and Ly. Let 9 
be the meafure of the latitude of F, or the meafure of the angle 
AKF, expreffed, not in degrees and minutes, but in decimals 
of the radius 1; then the excefs of the angle ALG above 


AKF, that is, the LHK or, GHE will be = and shere- 


| 
Bur FH, radius of curvature at Fy Ys 


—a +6" fin" 
demonftrated in the conic fe@tions. ‘Therefore, if be the 
compreffion at the poles,’ or the ‘excefs’ of a ’above- 4, 


| b= at — 2ac +c’, or becaufe ¢ is {mall in comparifon' of -a,- if 


we reject its powers: ‘higher than the ‘firft, — and 

FH = a? (a— 20) — fin = 

(a—ac) 


aW~3(1 +7 fine) nearly, rejecting, as before, the terms that 


involve c*, &c. Hence FH = I + fin 


Now, 
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= (a+ 2c) 0+ 3¢¢ 


SHOTS: 


“a= = a— fin 20. To ‘this value of z ‘no “coniftant | 
“quantity is to added, becante it ‘vanithes z= 


‘ 
4 


to" any’ latte’ wike ag (9 £ 26 


Tus theorem is alfo eafily applied to an of 


“tor. 
MN be ‘any 3 are 
one its and that of ‘N; its other extremity, 


| we have AM = agi fin and 
AN = +4 Therefore’ the atch 


6s therefore, MN be, an,arch of, feveral degrees of the me- 
A length .of.. which ; is, known adual meafurement, 
andyalfo, the: latitude; of, its. two extremities M and N, this Jatt 
formula_gives. us anjequation, in (which, @ and. ¢ are. the only 
unknown quantities. An th the fame manner, by the meafurement 
‘of another arch of the meridian, an’ equation ‘will be found, in. 
which a and ¢ are likewife the only unkfown: quantities, By. 
a comparifons therefore, of-thefe two equations, the values of 
-@and c, that is of the radius of the equator, and its excels above 
half the polar axis, may be determined. 
Tao 8, if od be the length of an.arch_ m 
cient of a, and n of by the lait formula ; and if 


be 


= 
“ ~ ~ 
‘ 


~ 


Relating to the FIGURE of the EARTH.. 


be the length of any other arch, m the coefficient of a, and 7’ of 
¢, compared i in the fame manner, we have ma — nc = /, 


and m'a — ne 
— ml? m' |] — ml’ 


may be ufeful, in the numerical er at to obferve ye that 


_ ma—t 


9, THE arch ‘of the meridian: whieh was in Peru, 
- compared with that meafured in France, will afford an nFrmple 
of the application of thefe formulas. __ 
_ THE amplitude of the arch meafured in Peru was 5 3°. 7 - 
_and its length 176940 toifes. To reduce this to the level of the 
fea, above which it was elevated 1226 toifes, 66 toifes muft be 
fubtraéted, and again 12 toifes added to adapt it to the mean. 
temperature of the atmofphere. - Thus corrected it is 1 76886 
toifes. The arch meafured begun 36" north of the equator, and 
extended to the parallel of 3°. 6. 25° ’ fouth ; we hall fuppofe it 
to have begun, ws the equator, and to have extended to the 


parallel of 3°. 7’. 1”, a fuppofition which can produce no fen- 


fible error, and will pies fimplify the calculation, Thus 
g, in the preceding formula, i is an arch of 3°. 7’, 1' " expreffed i in 
_ decimals of the radius 1, and fo we have m = 10544009, # = 
1086408, and l= 176886. 
Acatn, the amplitude of the whole arch meafured in France 
from Dunkirk to Perpignan is 8°. 20°. 2"!, and its length 
475496 toifes. The northern extremity of this arch is in lati- 


tude 51°. 2’. 1, and the fouthern in 42°. 41. 58°3. Hence 


= 8907045, and ¢ = .7452459, and therefore m = 1454586, 
= 0585735, / = 475496. 


n'l — nl 
THEREFORE, 4 = 3273325: toifes’ 
— 


= “10917 toifes, 
and — nearly. 


ParT I, | B Wherefore. 


ait 
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Wherefore.alfo the longer axis of the, meridian‘is 
gate, or 41s to b.as 300,t0\ 299... | 

THIS proportion agrees well chat was 
pointed out as the moft probable refult, from the comparifon of 
fingle degrees, and from :obfervations of the pendulum. As 
thefe conclufions are obtained. by, different .methods, tend 
greatly to confirm one another. 

8. From this too it feems highly probable, that the uncertain- 
ty which yet remains with refpect to the true figure of the 
earth will be.entirely removed by the meafwrement of fome 
other confiderable arches of the meridian, ‘Such an arch will 
be furnifhed by the furvey of Great Britain begun by’ General 
Roy, and ftill continued in a ftyle of accuracy fo much fuperior 
to any other fyftem of geometrical, operations that has ever yet 
been executed. In drawing the conclufions from obfervations 
made with fuch exadinefs, it may be neceflary to employ a 
more accurate approximation than has been done in the prece- 

ding formule, by retaining the fecond power of ¢. “The equa- 
tions to be refolved will thus become of the fecond order, but 
as the unknown quantities can be nearly found by the folution 
of a’ fimple equation, the farther approximation to. their true 
values’ will be accompanied with no difficulty, 

g. ConcERNING this farther approximation it may be ufeful 
however to remark, that if c* be retained, its coefficient i in the 


formula of §. will be + 4S. fin, 


and therefore in the formula of ‘§ 5. it will be. 


5 (Gin 49’ ale. 


Ir then the 


— + (fin- 4g” — fin 


computed for any arch of the meridian, be put = g, and tle 
| fame 


i 


fame, computed for any be = equations of 


ma — nc ye 


10. ‘Fens if we put. d for the value of a, as given gt he for- 


mula a and 4 for the value of ¢, as given by the for- 

mula alfo ‘for the correction to be made on d, and 
for the correction to be ‘miade on b, fo v, and 
c= 4 + u, by fubftituting thefe values of @ and c in the two 


b+n)* 
laft have = 0, and 


ance, all terms. ‘involve u', or wv, we 
have dmv — dau + ght + aghv = — 


that is and, negleGting. any terms that are not 


of an order lefs ‘than ; and is confidered that 


1s thant, it wall readily be ‘allowed that j it is quite un- 
cisely to carry the approximation farther. 

B 2 11, THE 


ig tothe FIGURE of th EARTH. 11 


. 


| 
| 
g'h* (dm + 2gh ) — ph (dm +2'b) 3 | 
dn’ (dm + 2gb) — dn (am + 2p) | 
. And, again, by‘ rejecting thofe terms that are {mall in compari- | | 
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II. Tue fame thing that renders the comparifon of large 


arches of the meridian ufeful for leffening the effe@ of errors 
arifing from irregularities in the dire@tion of gravity, makes it 


ferve to diminih the effect of all the errors of the aftronomical — 
obfervations at the extremities of the arches, from whatever caufe 
they arife. They are all diffufed over a greater interval, and 
have an effect proportionally in the 
of the laft conclufion. 

12. THE meafurement of arches of the meri- 


‘dian, efpecially if performed in’ diftant countries, is dikely to. 


furnifh the beft data for afcertaining the true figure of the 
earth ; and on this account extenfive and accurate furveys, fuch 


ee ‘that above mentioned, are no lefs interefting to fcience, in 


general, than conducive to national utility. The furvey of this 
Ifland, when completed, will furnifh an arch of the meridian, 


beginning at the fame parallel where that meafured in France 


terminates, and nearly of the fame extent, fo that the length ot 
an arch of more than 16°, or almoft a twentieth of the earth’s 


circumference, will become known. The different portions’ of 


this arch compared with one another, or with the arch meafu- 
red in Peru, will afford a Monn f of data for + determining the 
true figure of the earth, - oie 

Bur furveys of the kind now to, Likewifs 


other materials from which the folution of this great geographi- 


cal problem may be deduced. -Thefe are chieffy of two forts, 
viz. the magnitude of arches, either:of the curves perpendicular 
to the meridian, or of the circles parallel to the equator. Exam- 
ples of the firft of thefe have been given by General Roy and 
Mr Da sy ; the obfervations whieh follow are directed toward 

13. to the of perpendicu- 
lar to the meridian, it pial be obferved, that the direftions of 


 gtavity 


"Relating to the FIGURE of the EARTH. 13, 


gravity. at different points of fuch arches do not interfea one 
another at all, unlefs.the diftances of thofe points from the faid 
meridian be very {mall. On this account the meafurement of 
a large arch perpendicular to the meridian would involve in it 
_ confiderable difficulty ; to avoid which it is neceffary that the — 
arch meafured be but fmall, or one that does not greatly exceed 
oe fingle degree. Such meafurements are of courfe obnoxious 
to all the errors that arife from the deffection of the plumb-line, 
and cannot therefore furnifh data for determining the figure of 
the earth, equally valuable with thofe which may be derived 
from large arches of the meridian. The method of determi- _ 
“ning the figure of the earth, from degrees of the perpendicular 
to the meridian, is not however without its advantages, and in 
certain circumftances is preferable to any other that: proceeds 
by the meafurement of arches equally fmall. This method is 
twofold ; as a degree of the meridian may be compared with a 
degree S the perpendicular to it in the fame latitude ; or two. 
degrees perpendicular to the meridian, in different latitudes, may 
“, be compared with one another. The advantages peculiar to 
each will appear from the following inveftigation. 

14. Ler‘it be required to find the axes of an elliptic fphe- 
roid, from comparing a degree of the meridian in any lati- 
tude with a degree of the curve perpendicular: to the meridian 
in the fame latitude. 

Ler the ellipfis ADBE (fig. 1.. PH. 1) reprefent a meridian, of 
which a degree is meafured at F.. Let the perpendicular to. the 
meridian in F meet the lefs axis DE in R. Then R will be the 
centre of curvature of the circle cutting the meridian at right 
angles in F; for at any point in that circle indefinitely near to- 


F, the direction of the plumb-line, or of | gravity, as it always. 


pafles throdgh. the axis DE, will cut DE i in R; 3 it will therefore: 


} 
| 
} 
i 
| 
| 
| | 


therefore FR: : FH: | 
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alfo interfeet FR in R, fo that R is the centre, and RF the-ra- 


dius, of curvature of the perpendicular to the meridian. Let H 


be the centre of curvature of the meridian itfelf at F: draw FO 


perpendicular to DE, and let the latitude of F, or the angle 


‘Tuen from nature of the elliphs, FO = 
and becaufe finFRO:1:: : FO: ‘FR, that is, 


cof@: : FO: FR, FR = and there- 


fore, is the radius of curvature of the fe¢tion of the fpheroid 


perpendicular to the meridian at F, But the radius of curva- 


ture of the meridian at F, that iS FH = 


cof 9° +3 fin @ + 5% fing and 
dividing both by -, we have 
(a* cofg* + 8° fin 9*)* 
FR : FH: : cof ¢* + & fing’: 2. 
15. Ir then D be the length of a degree of the sldsidian at F, 
and D’ the length of a degree of the circle at right angles to it, 


cof + fin *9. and § = 


J ine", 


col 


Tuis laft formula, therefore, gives the ratio of atod whe | 
D, D’ and ¢ are known. 


16. To find a and themfelves, if m= = 59, een ies 


) the number of degrees in the radius, fo that mD’ = FR * 


Relating to the FIGURE of the EARTH. 


a’ 


Ss 


a 


Gare ate (3 fin da= 


ae Tuts value of a is very convenient for logarithmical cal- 
culation; for if fing v5 pv be computed, it will always be lefs 


‘than | 1, becaufe D’. is greater than D, and therefore may be ta- 
ken for the fine of an arch of which arch yi — fine fin will 


of courfe be the cofine, fo that a = = sate 


Tue. fame method may be ufed for finding § ; from, the rn 


mula in § 15; 
In the fame manner that a has Seen found, we will orem: 


(x — fin 


Ip we examine thefe formulas in “the extreme cafes, viz.. 
when @ = go°, and when 9 = 0, we fhall have in the for-. 


mer cafe 4 = =, becaufe cofg = 0, and alfo D’ = D, fo that 
r 


| 
| 
: 
fin 9 
Now, 1 = = therefore 
p72? Do ine i— in | 
| mY)’ cof? | 
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I— > fin*@ = 0, Here therefore a is indefinite, and may be of 


any magnitude whatever ; and it is evident that this is the re- 
fult which the formula ought to give : becaufe at the pole, or 
when 9 = go’, the perpendicular to the meridian is itfelf a me- 
ridian, and therefore the meafurement of the two degrees, D and 
D’, is but the fame with the meafurement of one degree. 

WHEN $= 0, that is at the equator, the circle perpendicular — 
to the meridian is the equator itfelf, and we have then a = mD’, 
a being determined in this cafe ee the degree of the equator 


alone. Here alfo we have 2 i= VD a which is known to be 

true. 
18. THE preceding formulas may be rendered more fimple, 
if we aim only at an approximation, which indeed is all that is. 
neceflary in this inquiry. Since ¢c denotes the compreflion, or 
fince a —c = 4, and therefore a*— 2ac = nearly, confe- 
quently the radius of curvature of the meridian at F, that is 
at(a*—2ac) a*(a— 2c) 


(a — 2c) (1 fin or mD = a—a2¢ + 3¢ fin 9*. In the 
fame manner mD' = a + ¢ fing’. From thefe equations we € ob- 
tain, sig. always the higher powers of c, 


m (D' — D) fin D'— D 
2 col ¢* a 2D’ cof?" 
THESE formulas may be transformed into others a little more 


— 


convenient for. by putting fec ¢* inftead of — 


and tan inftead of ; we have then, 


c= =(D'— D) fec ¢*, 


— = (D’ — D) tan and 
@'—D) =D) fec 


19. WE 


| 
| 
i 
i 
i 
} 
‘ 
n 
{ 
} 
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19. WE may apply thefe formulas to the computation of =; 


&c. from the degrees of the meridian and perpendicular, mea-~ ° 
fured in the fouth of England. We find, in one example, 


(Phil. Tranf. 1795, p- 537-), that D = 60851 fathoms, D’= 
61182, the latitude, or being 50°. From this 


2D’ 2% 182 X (cof 50°. 4? which is nearly the 


fame refult with that deduced.in the paflage juft referred to. 
Indeed the folution of this problem, contained in the Trigonome- 
trical Survey, is quite unexceptionable ; and the theorems here © 
offered are not given as containing a more accurate folution, 
but one that is in fome refpects more fimple. 

' Tue above compreffion, if the remarks already made be well 
founded, is much too great, being more than double of what 
was obtained from comparing the whole arch of the meridian — 
meafured in France with the whole of that meafured in Peru. 
At the fame time it is right to obferve, that all the other com- 
| parifons of the degrees of the meridian, with thofe of the 
curve perpendicular to it, made from the obfervations in the 
fouth of England, agree nearly in giving the fame oblatenefs 
to the terreftrial {pheroid. For this circumftance, it is certain- 
ly not eafy to account ; the unparalleled accuracy with which 
the whole of the meafurement has been conducted, makes it 
in the higheft degree improbable that it arifes from any error; | 
and even if errors were to be admitted, it is not likely that 
they fhould all fall on the fame fide. The authors of the Tri- 
Zonometrical Survey feem willing, therefore, to give up | the el- 
liptic figure of the earth, (Jid. p. 527:) ; but before we aban- 
don that very natural and fimple hypothefis, it may perhaps 
be worth while to attend to the following confiderations. : 


| 
| 
| 
| | 
| 
i 
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20. In the part of England, where the meafures we.are now 
treating of have been taken, the ftrata are of chalk, and though 
of great extent, are bordered, on all the fides that we have accefs 


_ to examine by ftrata much denfer and more compact. ‘Toward 
the weft the chalk is fucceeded by limeftotie, and that limeftone 


by the primitive fchiftus and granite of the weft of Devonfhire 
and of Cornwall. On the eaft we may fuppofe that fomething of - 
the fame kind takes place, though the fea prevents us from ob- 
ferving it, as the chalky and argillaceous beds extend in this di- 


reétion to the coaft, and probably to fome diftance beyond it. 


Now the meridian of Greenwich may be confidered as dividing 


the tract of country, occupied by thefe lighter ftrata, into two 
parts, in fuch a manner, that the plummet being carried toa — 


diftance from it, either eaft or weft, approaches to the denfer 
ftrata, and is of courfe attracted by them, fo that the zenith is 
forced back, as it were, to the meridian of Greenwich, and does ° 
not recede from it, in the heavens, at fo great a rate as the plum- 


- met itfelf does, on the earth. Hence the longitudes from this 


meridian, eftimated by the arches in the heavens, intercepted be- 


tween the zenith and the faid meridian, will appear lefs than 


they ought to do; and too much fpace on the furface of the © 


earth will of confequence be affigned as the meafure of a degree. 


In this way D’ is made too great ; ; and we may fuppofe the cir- 


cumftances fuch that D, on going north or fouth, is not enlar- 


will be augmented, 


zed in the fame proportion ; hence 


and of courfe < will be reprefented as too great. This explana- 


tion may kas appear very hypothetical, and it is certainly 
propofed merely as a hypothefis. It is a hypothefis, too, that 
lays claim only to a temporary indulgence, as it is propo- 
fed at the very moment when it may be brought to the trial, 
and when, by a further continuation et the furvey toward the 

| north, 
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north, it will probably be determined how far the diftribution 
of the {trata of this country affects the direGtion of gravity. It 


will indeed be curious to remark what irregularities take place | | 


on advancing into the denfer {trata of the north. The limeftone 
and fandftone ftrata of the middle part of the Ifland will fuc- 
ceed. to the chalk of the fouth, the primitive and denfer ftrata 

Bist! occupying the weft, at leaft at intervals, as in Wales, Cum- 
_ berland, and Galloway. Further to the north, that is, beyond 
the Tay, the ftrata become entirely primitive, moft of them of 


the denfeft kind, and in the interior of the Ifland, with a very 


few exceptions, : continue the fame to its moft northern extre- 
mity. In the furvey of Britain, therefore, feveral fituations 
muft occur where the plummet, pafling from lighter to denfer 
ftrata, ought to give indications of fome irregularities in the 
direétion of the gravitating force. It will be. feen hereafter 
how far thefe conjectures are verified, by experience. 

a1. A REMARK, that is in no danger of being reckoned hypo- 
thetical, i is, that the conclufion derived from the comparifon of de- 


grees of the meridian, with degrees of the circle perpendicular to 
it, becomes of neceflity more liable to:error as we advance into. 


higher latitudes. The reafon is, that whatever error 4s commit- 
ted in determining the magnitude of D/ —D, muft be multi- 
plied into the fquare of the fecant of the latitude, in order to 


give its full effect 3 in changing the value of the fraction £. | For 


it has been thewn, that £ =! = fee now, if we fup- 
pofe the error ommitted i in Din — D to. be in all 


cafes the fame, the: ‘error of. the fraction. ~ = will alfo ‘be in. 


all cafes. nearly the. fame, the denominator D‘ being but little af-, | 
feéted either by the fuppofed error, or by the change of lati- 
tudes But this error; which may thus be confidered asa conftant’ 


quantity, 


| 
| 
| 
| 
| 
| 
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when multiplied i into + % gives the variation or er- 


ror in = é, which error therefore tt cateris paribus, as the 


fquare of the fecant of the latitude, fo that, on approaching the 
pole, it increafes without limit, and is ultimately infinite. Com- 


_ parifons of this kind may therefore be expected to give refults 


the more accurate the nearer they are to the equator, ‘under 
which circle they will be the moft accurate of all. Here, - 
again, however, another circumftance muft be taken into con- 
fideration, viz. that the method of afcertaining the differences 
of longitude by the convergency of the meridians, fo conve- 


-nient in furveys of this kind, is applicable only in high latitudes. 


In a trigonometrical furvey, therefore, of a country lying much 
farther fouth than Britain, a different method of afcertaining 


the longitudes of places muft neceflarily be ‘adopted. 


22. Tue theorems, which were next propofed to be confider- 


ed, are thofe that determine the figure of the earth from the 


meafures of degrees of the curve perpendicular to the meridian, 


in different latitudes. For this purpofe let D’ be a degree of one 


of thefe curves, in the latitude ¢’, and D’’a degree of one them, 
in another latitude ¢”. Then being the compreffion, as 


fore, we have by § mD’ = a+cfin’9’, 


Hence m(D’ —D”) = c (fin*¢ — fin and 
therefore ¢ = 


Tus formula may be rendered more convenient for calcula 


tion, by confidering that = fo that 
fn'¢ — fing = — col But ut 


2 


— cof 29’ = 2 fin x fin dh), 
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—fin*” = fin (# + 9") x fin and 
a3. In the fame manner, becaufe mD! = +e fin 
fubftiruting forc, we have 


| ‘m (D!—D”) finto 
= 4+ and 


: D/ — D”) fin’ 
2h. LAsty, fince mD! = a-+c fin 
and mD’ = a+ ¢ fin*¢’, 


dividing the firft of thefe equations by the fecond, and ae 
ing the powers of c, we have 


> (fin *¢' — fin'¢’), and therefore 


— ; or more conveniently for calcu- 


lation by logarithms, > Win@ 


25. WE may compare this value of £ - with that obtained in 
§ 18. from other data, in order to determine which of the two 
methods of finding - is to be preferred, under given circum- 
ftances. Suppofe, for inftance, a degree of the curve perpendi- 
cular to the meridian, in the latitude ¢' to be D’, and a degree 
of the meridian itfelf'in the fame latitude to be A’; it is requi- 


red to find in what other latitude ¢’, a degree D’, perpendicular 
to the meridian, mutt be meafured, in order, that the rans of 


fon of D’ and ‘and of D' and A, may give values of 


whieh the probable error is the fame. 
HERE 


4 
4 | 
¢ | 
} 
. 
| 
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HERE, agreeably to an obfervation already made, we may, in in 
order to eftimate the error produced i in <, in confequence of. an : 


error in the determination of D’, and D’, and. A, fuppofe the. er- 
ror to affect D’— D’, or D’ — D’ only, without paying any 
regard to the variation of D’ in the denominator. _There- 
fince by § 1B. we have £ = and again, by § 24. 


D/— D” 
- = Cin in 797)? if we fuppofe equal errors in determi. 


ning D' — A, and D' — D, and alfo that thefe are the only 
errors, their effect will be the fame, in both cafes, if 2 cof” 
= fin (° — fin’). Now, if we fuppofe 9” the quantity 
fought, and add cof 9? to both fides of the preceding equation, 
3 cof9’ = fin’9’ — fin’? = 1 —fin = colo’. 

The latitude therefore muft be that cof =v73 xX cof¢. 

If, therefore, be fuch that cof¢’ = the cofine of @ will be 


= 1, and ¢ therefore = Now, 54 °, 44’ is the arcl of which 
. the cofine = oe nearly, therefore, if a degree « of | the meridian, 


and of the perpendicular to it, be meafured in Jatitude 54°. . 44", 
the comparifon of thefe with one another will give a refult as 
accurate as if the degree of the perpendicular, 1 in that latitude, © 
were compared with the degree at the equator, and more accu“ 
rate of confequence than if any other degree of the sina , 
cular to the meridian, were to be compared with D’. 
26. Hence, alfo, the comparifon of the degree of the meri- 

dian, and of the perpendicular to it, in the fouth of England, is 
better than if a degree of the perpendicular meafured ‘in that 
latitude were compares with a degree at the equator. For if, in 
the equation cof¢” = (cof ¢') x 7 3, we make 50°. 41, (or 
thing lefs than 54°. will come ‘out impoflible. 

27. IT 
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| 27. Ir may be. fhewn,, too, nearly in the fame manner, that 
if a degree of the perpendicular to the meridian were meafured — 
in Siberia, as far north.as. the latitude of 70°, Foppotng that to 
be poflible, and compared with a degree in latitude 45°, or even 
confiderably farther fouth, it would not give a refult fo exact as 
_ the degree of the meridian and perpendicular meafured in the 
fouth of England. ‘This fhews, that the method of afcertain- 
ing the figure of the earth, propofed by the authors of the 77i- 
| gonometrical Survey, (Phil. Tranf. ibid. p. 529.), as a fabjec of. 
future inquiry, is lefs exact than that which is toanded on their — 
own obfervations. 

28. WE may alfo afcertain, by the fame means, the relative 
accuracy of the method of finding the figure of the earth, from 
the comparifon of a degree of the meridian with a degree of the 
perpendicular 3 in the fame latitude, and of the method of refol- 
ving the fame problem by the comparifon of two degrees of the 
in different latitudes. 

Ir, then, D be a degree of the meridian, and D’ of the per- 
pendicular, in latitude ?; and if A be a degree of the meridian in 
a different latitude ¢’, it is required to find whether the moft ac- 


curate value of = will-be found, ud comparing D and D’, or oD 


and A. 
SINCE we have, what has been ftated, 
= a— 2¢ + 3¢ fin’9, and 
= 2¢ + fin*¢, we have alfo 


Par += x (fin*9 — fin and therefore, 
£ 
a. 


D—A 
3A (fin 72 — fin *9°)" 
Now, it has been already fhewn, that, by comparing D and 


D’ we have = Suppofing, therefore, equal errors 


- 
} 
j 
i 
| 
. 
| 
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‘ to be committed in the determination of D — A, and of D’— D, 
and alfo paying no regard to the inequality of A and D‘ in the 
denominators of thefe fra¢tions, as it is not fo great as miaterial- 
ly to affect the quantity that is fought for here, we fhall have 


the errors in = nearly the fame in both formulas, when 9 
and are fuch that 2 cof’? = 3 fin’? — 3 fin or when 
cof fin — fin 219" that is, adding to both fides, 


cof 29 + cof 79 — fin and, therefore, 
cof’?o = 1 — fin 29) cof 79', or cof = (cof 


TE, therefore, cof? = col = that is Y= = 0, 
fo that A, the fecond of the degrees of the meridian, mutt — 
_ in this cafe be under the equator. But ve is the cofine of | 


39°. 14, in which latitude therefore if D and D’ be meafured, 
the refult, by comparing them with one another, is as exact as 
if D were compared with the degree under the equator. Hence, 
if D and D’ are meafured in a lower latitude than the above, 
the refult will be more exact, than if D were compared with the 
degree at the equator. : 
IF we D and D’, meafured in the fouth of England, 
fo that 9 = 50°. 41; we will have = 35°. 7’, fo that D 
muft be compared with a degree of the meridian as far fouth as 
35°- 7’, in order that the refult may be as good as when D and 
D’ are compared with one another. | 
- From this it is evident, that the method of comparing de- 
grees of the meridian, and perpendicular in the fame latitude, 
has even an advantage over the comparifon of degrees of the 
meridian in different latitudes, unlefs thefe laft are taken at a 
confiderable diftance from one 


In 
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In this way may many ufeful conclufions be derived con- 
cerning the degree of credit due to meafurements already made, 
as well as with refpeét to the feleétion of the places where they 
are to be made hereafter. On thefe I fhall enter no further at 
prefent, and fhall only add, that, befides the advantages or dif- 
advantages which the method of comparing together degrees of 
meridian and perpendicular in the fame latitude has, and 
which are fubjects of calculation, it has another advantage, which 
in the cafe of the Britifh furvey is undoubtedly very great, viz. 


that all the data are furnifhed from one fyftem of trigonometrical — 


operations; executed according tothe fame plan, with the fame 
inftruments, and by the fame obfervers. 

30. ONE other application of geometrical meafarements to dif- 
cover the figure of the earth yet remains to be confidered. This is 
the comparifon of an arch of the meridian with an arch of a pa- 
raltel of latitude which croffes it. The meafure of a parallel of lati- 


tude can be executed readily, and is not confined to a {mall arch 
as in the cafe of a perpendicular to the meridian. The plumb- 


line, while it is carried along the circumference of a parallel to 


the equator, tends continually to the fame point in the earth’s 


axis, fo that there is no difficulty in afcertaining the amplitude 


of the arch meafured, providing there be no unufual difturbance. 


of the diretion of gravity. As an arch of a,parallel to the equa- 
tor, however, is not the fhorteft line between two points on the 


furface of the {pheroid, the meafurement along that furface will | 


not give the length of the arch truly. To obviate this difficulty, 
it is only neceffary to follow the method fo properly introduced 


into the Trigonometrical Survey, of reducing the meafures, both. 


of lines and angles, to the chords: and to the planes of the recti- 


lineal triangles contained by them. In this way, the chord of 
an arch of a parallel of latitude may. be determined, however 
great the arch ; and it is worthy of being remarkéd, that, what- | 


ever be the defleGions of the plumb-line at the intermediate fta- 
Part I, tions, 


~ 


= 
| 


| 
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tions, wheir the reduétions are all properly made, the iength of 
the chord meafured will not be affected by them; the amplitude 


of the arch indeed may be affected by fuch deflections, if they 


happen at its extremities; but. the effect of this error. will be 
rendered the lefs,; the greater the arch that is méafured. We. 


may fuppofe, therefore; that the chord of a large arch of :a pd- 


rallel of latitude is meafured, and the amplitude of the arch if 
at the fame time accurately afcertained. This laft may be done; 
either by meafuring the convergency of the meridians; if it be 
in a high latitude, or by any other method of afcertaining dif-: 
ferences of Tongitude which admits. of great accuracy. The 
chord being thus given in fathoms, and the arch fubtended by © 
it being given in degrées and — of the 
itfelf becomes known. .: | 
31. Now, if: we would bompard é the of a chs: 


found, with a large arch of the meridian, we fhall have by that 


means a determination of the figure of. the éarth, not lefs to be 
relied on than that given in the begining of this. paper. . The 
inveftigation is eafy by help of the theorems in § 5. and 6. 
Let FO be the radius of a parallel to the equator; which paffes: 
through F, the latitude of which is 9, and is fuppofed known ; 


and let FO found by the method juft defcribed be = rs then, 


* cof a cofo? 


the method of reduétion followed 4 in the PS TR articles of | | 
this paper. Then, becaufe “fing = =1 fin 
ly, we have ra=aco¢(1 fing!) = =a fing cof 
or if we divide by col are = = a+ fag, = then 


t 
| 
2 
j 
; 
} 
3 
3 
i 
: 
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32. Acain, if @ and ¢” are the latitudes of the extremities of 


| pe arch of the meridian, the length of which has been meafu- 


red, and found = /’, then, according to § 5. we have 
+2 (fin 29" — fin 20’) 


therefore, m be the coefficient of 4, in the Spies equation, 


and n the coefficient of c; and if m’ be - the coefficient of a, in 
the latter equation, and 1’ of c, we have, asin §.6. 


3: Iw this way of determining a and the parallel of Iati- 
bade may either interfe@t the arch of the meridian meafured or 


not, If it interfeé that arch, this method may have the fame 


advantage that was taken notice of in another folution, viz. that 
the whole of the data may be furnifhed from the fame fyftem 
of trigonometrical operations. “Thus, in the furvey of Great Bri- 
tain, an arch of 5 or 6 degrees of a parallel to the equator might 
be meafured, and compared with the whole length of the mieri- 
dian, comprehended. between the. northern and extre- 
mities of the Ifland, amounting’ nearly to'9 degrees. 
Ir is plain, from what has already been faid, ‘that the default 
deduced from this comparifon would poffefs every advantage, 
and would be entitled to more credit, than any d etermination 
of the ‘figure of the éarth that is yet ‘known. - 
34. ON the fuppofition that, in a furvey of a country, the 
meafurement i is made along a feries of triangular planes,’ all gi- 
ven in pofition and magnitude, there is yet another method of 
determining the figure of the earth, more general than any of 
the former. On the filppofition’ jut ‘mentioned, it is evident, 
that! the length of a ftraight line, or chérd, from a ‘given 


| 
i 
| 
| 
| 
| 
| 
| 
| 
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angle of anyone of thefe triangles, to a given angle of any other 
of them, may be found by trigonometrical calculation. Let the la- 
titudes be obferved at the extremities of this chord, and alfo the 
difference of longitude; then, from the nature of an ellipfoid, 
the léngth of this fame chord may be expreffed, in terms of the — 
axes a and J, together with the latitudes of the extremities of 
the chord, and the difference of longitude between them}; an 

this expreffion being put equal to the length of the chord mea- 
fured will give an equation, in which all the quantities are 
known, except 4 and J, Further, if a = b+, and if the faid 


expreflion be reduced into a feries, with the powers of ¢.afcend- - 


ing, that feries will converge very rapidly, becaufe ¢ is fmallin | 
refpect, of a; then, for a firft approximation, we may. reject all 
the terms that involve the powers of ¢ higher than the firft, by 
which means we fhall have a fimple equation of the form 
ma-+nc =, where mand n are functions of the latitudes and 
difference of longitude, and / is the length of the chord. = 
Now, if a fimilar equation be derived from the meafurement 


of any other chord, thefe two equations will give a and c in the = 


fame manner as in § 6.; and thus, from the meafurement. of 
any two chords, the Sere of the earth will be determined. 
35. THE dength of the chords, thus meafured, fhould be great, 
fo that they may, if poflible, fubtend angles of feveral degrees, 
and their pofition will be moft favourable when one of them is 
in the plane of the meridian, and the other nearly at right an- 
gles to it. The numerical computation will be found lefs labo- 
rious than might be imagined; but the complete folution of the 
problem, and the full detail of the inveftigation, I am under the 

neceflity of delaying to fome future communication. a 
‘THERE feems to be but one difficulty of any confequence 
that ftands in the way of this method of determining the figure 
of the earth. It arifes from this, that the afcertaining the pofi- 
tion 
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tion of the fuppofed feries of triangular planes relatively: to one 
another, involves ‘in it the allowance to be made for the terre- 
 ftrial refraction, which it muft be’ confefled is not accurately 
known, and is the mote difficult to determine, that it is una- 
voidably combined with the irregularities in the direction of | 
gravity. It is poflible,’indeed, to feparate thefe two fources of 
error, but not without a fyftem of experiments inftituted ey 
for that purpofe. | 

36. THE determination of of longitude, 
enters neceflarily. into this problem, except in the cafe when 
both chords are in the direction of the meridian, mutt alfo be 
performed with great accuracy. Among the different ways of 
doing this, that which proceeds by obferving the convergency 
of the meridians, though the beft accommodated to the nature — 
of a trigonometrical furvey, is not the leaft iiable to objection. 
For, not to mention that it is only practicable in high latitudes, 
we muft obferve, that it always implies a correction on account 
of the ellipticity of the meridian, which is therefore neceflarily 
hypothetical, and depends on the very thing that is to be found. 
This inconvenience, however, may be obviated by repeated ap- 
proximations, and by an accurate folution of /pbercidal triangles. 
On this latter fubjeét it was my intention to offer to the Society 
fome theorems, that contain more direct and fuller rules for this 
_ kind of trigonometry than any that I have yet met with. I am 
under the neceflity, however, of referving thefe, as well as the fo- 
lution of the problem above mentioned, for the fubjects of fome 
future communication. In the mean time, I think it is mate- 
rial to obferve, that the principle laid down by Mr Da sy, viz. 
that in a {pheroidal triangle, of which the angle at the pole and 
the two fides are given, the fum of the angles at the bafe is the 
fame as in a fpherical triangle, having the fame fides, and the 
fame vertical angle, is not ftrictly true, unlefs the excentricity of 


the 
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the fpheroid be infinitely fmall, or the triangle be very nearly — 
ifofceles. ‘The application of the principle may therefore lead 
into error, unlefs it be made with due attention to thefe re- 
‘firiGtions. The gentleman, juft named, will forgive a remark, 
which I certainly fhould not have made, if I, had. been lefs in- 
terefted for the. at wrath, in whe has with 


fo 
jl, 
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of the FurnAczs of the Devon IRon Works*; together 
with fome practical REMARKS on tbe of 
Biast Fuanaces. By Mr ROEBUCK, in a LETTER 0 Sir 

HALL, Bart. ‘Communicated by Sir HALL, 


“SIR, 


Have my memorandums, concerning the 


. vations I made on the condenfed air in the air vault of the 


Devon Iron Works, near Alloa; and, according to. your requett, 
I now tranfmit you an account of them; and alfo of an expe- 
riment I made, when a partner’ and manager of thefe works; i in 
order to increafe the produce of blaft furnaces. 

THE two blaft furnaces at Devon are of large liao, 


each. being 44 feet high, and about 13 feet wide in the bothes, 


or wideft. part, and are formed. on a fteep bank; by two: pits 
funk in a. very ; folid ftratum « of coarfe grained freeftone. 


THESE pits were. afterwards fhaped and lined in the 


manner of, blaft furnaces, with common bricks and fire bricks, 
and the hearth was laid with large blocks of the ftone that had 


been dug out, and. which: ferve.the purpofe of fire ftones.. At 
@be back of the two shine EOE the air vault is.ex- 


* Tnest i iron are on the of the river which runs into the 
Frith of Forth near.Alloa. They are 3 miles from Alloa, and 8 from Stirling. 
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cavated, and formed by a mine drove in the folid rock, difanc | 
from the furnaces about 16 feet. The bottom of the air vault — 
is only about 4 feet higher than the level of the bottom of the 
_ furnaces. This vault has an aperture at one end to receive the 
air from the blowing machine, and has two at the oppofite end, 
one of which receives the eduction pipe, and the other is a door 
to give admittance occafionally into the vault. As the rock is — 
extremely clofe and folid, the vault is dry, except that a little 
water ouzes very gently from the fide next the bank in {mall 
_ drops, and does not appear to exceed an Englith pint in 24 hours. 
THEsE furnaces are provided with air, or blaft, as it is term- 
ed, by the means of a fire-engine of the old, or NEwcomEN’s. 
conftruction. The diameter of the fteam cylinder is 482 inches ; 
and the fquare area of its pifton being about 10664 fquare 
inches, the power of this fort of engine cannot be rated at 
more than 7 Ib. to the fquare inch, amounting in all to about 
13062 lb. This power was employed to work an air pump, 
or blowing cylinder, of 78 inches diameter, and about 7 feet 
long. The number of fquare inches on the pifton of the air 
pump is 4778, ‘and therefore this area, being multiplied by‘23, 
will produce 13139;. being a refiftance that nearly balances the 
above-rated power, and fhows that the air, which ‘was expelled’ 
from the air pump, could not be condenfed ‘more in''the ordi- 
nary way of working, than with a compreffing power of about 
23 Ib. on each fquate inch. As the engine was: not regulated, 
at firft, to make a longer ftroke than about 4 feet 8 inches, only 
one furnace being. ufed, the quantity of air expelled 2 at éach ftroke 
of the machine was about 155 cubic feet, which it’ difcharged | 
through a valve into the air ‘vault, about: 16 times in a mmute: 
When two furnaces afterwards were blown,’ the’ engine was’ Te 
-gulated to- work much quicker, and with longer ftroke. “The ai 
vault is 72 feet long, 14 feet wide, and 13 feet high ; and con- 
tains of | cubic or above. times: the 


| 
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contents the air pump... The top, fides;: and: bottom: lof this 
vault, where the ledft fiffure: could be difcoverdd «ini the ‘beds of 
the rock, were carefully caulked ‘with oakum, and: afterwards 
plaftered, and thén covered with pitch and ‘paper. The inten-_ 
tion of blowing into the wault is to equalize the :blaft, or render 
it uniform, which it effects more completely than’ any machi- 
nery ever yet contrived for the fame: ‘purpofe. ‘The air is con- 
duéted from the yault by the edudtion’ pipe, of 16 inches dia- 
meter, into an iron box or wind: cheft, and from this it goes off 
to each furnace, in two {maller-pipes that terminate in nozles, — 
the furnace, 
WHEN the Faxtace. was put in batt, Suiting been. filled 
with coakes, and gently heated for more than fix weeks, the 
keepers allowed .it'to have but little blaft at firft, giving. ata 
fimall blow-pipe of about 2} inch.diameter,- and likewife letting 
off a very confiderable quantity-ofiair, at the efeape, or fafety 
valve on the top of the iron wind cheft, as it is a received 
though ‘erroneous: opinion among»them, that the blaft: mutt be 
let on very gtadually ‘for -feveral :months. From ‘the conftruc- 
tion, of this;valve, it was impoflible to afcertain theiexact propor- 
tion of the blaft they thus parted with, but I believe: it was-very. 
confiderable... The confequerice was, that the furnace, after it 
had.been in blaft for feveral-days, never feemed> to :arrive:at its 
proper: degree of heat, but was always black.and cold about the 
bing, as it is.termed._ 
and the,Company's :engineer,,and others, (indeed they ‘triéd 
every thing, except giving) the -furmaceoa greater: quantity: df 
air; which, as I afterwards: afcertained, was all that it wanted); 
they coneluded, thatthe air vault was: the: caufe of the whole 
mifchief ;\\and, to confirm their opinion, they they had 
RT I, E now 
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‘now difcovered that water was, in confiderable quantities, driven 


out of the air vault through the blow-pipe, which cooled the fur-. 


‘nace; and they infifted, that the power of the engine was fuch 


as to force water out of the folid rock; fo that this method 
of equalizing the blaft never would fucceed. The other mana- 
ging partner was fo much alarmed by thefe reprefentations, | 


that he began to confult with the’ engineer, and others, 


finding a fubftitute for the air vault at any expence. - 
_ As the plan of the blowing apparatus had been adopted at. 
my recommendation, and was now fo loudly condemned on.ac- _ 
count of the water, I had other motives, than mere intereft, for — 
trying to become better acquainted with the phenomena attend- 
ing it. I accordingly determined to go into the air vault, and 
to remain inclofed in the condenfed air while the engine was 


blowing the furnace. It 1s an experiment that perhaps never 


was made before, as there never exifted fuch an opportunity. I 
could not perfuade the engineer, or any other of the operative 
people about the work, to be my companions, as they imagined 


_ that there was much danger in the experiment. Mr NEIL 


RyRIE, however, one of the clerks of the Devon Company, had — 


fufficient confidence in my reprefentations to venture 


along with me. 
Tue machine had been Sonim about two vidoes previous to 
our entering the vault, and we found'a dampnefs and miftinefs 
in it, which difappeared foon after the door was fhut faft upon 
us, and the engine began to work in its ufual manner.’ After 
four or five ftrokes of the engine, we both experienced a fingular 
fenfation in our ears, as if they were ftopped by the fingers, 
which continued as long' as we remained in the condenfed air. 
Qur breathing was not im ithe leaft affected. had'no ther=— 
mometer with.me, but the temperature of the air felt to us the 


- fame as that without the vault. Sound was much magnified, | 


as we perceived, when we seca to each other, or ftruck any 
thing ; 
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thing ; particularly, the noife of the -air aSengiaig at: the blow. 
_pipe, or wafte valve, was very loud, and feemed to. return back 
tous. There was no appearance of wind to difturb the flame 


_ of our candles; on the contrary, I was furprifed to find, that 


when we ‘put one of them into the eduétion pipe, which cons 
veys the wind from the vault to the furnaces, it was:not blown 


out. There was not the fmalleft appearance of any drops of | 


water iffuing out of this pipe. The ouzing and dropping of 
water from the fide of the rock, next the bank, feemed the fame 


as before the condenfation was:made in the vault. In fhort, | 


every thing appeared, in other refpects, the fame as when we 
were in the common atmofphere. Having remained about an 
hour in the condenfed air} and fatisfied ourfelves that no water, 
during that time, that we could in the leaft difcover, was agita- 
ted and forced out of the rock and vault by the power, of the 


blaft, as was imagined and infifted on, we gave the fignal te:ftop — 


the engine. As foon as it ceafed to work, and; the condenfation 


abated, and before the door of the vault was unfcrewed, the 


whole vault, in a few: feconds;; became filled with a thick.vapour, 
fo that could hardly fee the candles: at four or five yards di- 
ftance. The door being now opened, the work people, anxious 
to know our fituation, and: what had occurred, came into the 
vault, and: prevented any further obfervations. 2 


‘I now endeavoured to account for this curious appearance. of 3 


the water, which only fhewed itfelf occafionally,;in. very {mall 
quantities, at the tweer, and at a hole’l. ordered to be made in 


the bottom of the wind cheft to colleé it more accurately, for 


it never was obferved, but either when the engine, after work- 
ing flowly, was made to work quicker, or, after having been 
{topped for a few minutes, was fet to work again... 

I CONSIDERED the vapour which we had difcovered in a 
vault to arife fromthe moifture of the fide of the rock next the 
faraete, which being expelled by the great heat of the furnace, 

E2 and 
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and converted into vapour, was able to force its way through die 


pores of the rock into the vault, but that being in a manner con- 


fined within the rock, by. the preflure of the condenfed air, 

it found itfelf at liberty to come into the vault, only when 
éi condenfation abated confiderably, or was totally removed 
by the going flow, or ftopping of the engine. It alfo occurred 


to me, that the air, in a ftate of condenfation, might poflibly 


be capable of holding a greater quantity of water in folution, 
which might precipitate fuddenly into vapour or mift when 


_ the condenfation abated. 1 imagined, therefore, that the very 


{mall quantities of water we at times difcovered, proceeded 
from nothing elfe but this vapour, in its paflage to the furnace 
along with the blaft, being condenfed into water, by the cool- 
nefs of the eduction pipe and iron wind cheft. The quantity 


of water did not — to amount to a gallon in re | 


hours. 
A FEw days after I had made this experiment, the water cea- 


_ fed entirely to make its appearance, either at the tweer, or at 


the hole in the wind cheft ; but the furnace did not come into 
heat for a long while after, and indeed not till the keepers let 
much more air into it by a larger blow-pipe, and allowed lefs 


air to efcape at the fafety valve. - It is probable that the rock 


was now become perfectly dry by the continued heat of the far 
mace. | 

My experiment had the good effect to remove all the pre- 
judiees againft the plan I had adopted of blowing the furnaces, 


and likewife prevented the other partner from laying out a large | 


fum of money, by ftopping the works, and altering the blowing 


machinery. Indeed, it has fince been admitted, by all who have | 


feen it at work, to be the moft fimple and effective method of 
equalizing the blaft of any yet put in practice. 
TuIs experiment led me, fome time afterwards, to apply a 


wind guage that I contrived, to afcertain precifely the ftate of 


the 
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the condenfation of the air thrown into the furnaces. I found 
- that a column of quick filver was raifed five inches, and fome- 
times, though feldom, fix inches, and, in the interval of the re- 
turn of the engine to receive air into the air pump, it fell only 
half ‘of an inch. At this time. only one furnace was worked. 
But when two furnaces were in blaft, the engine only raifed the 
_ mercurial guage about 4 inches, becaufe the Devon Company, 
for certain reafons, did not, while I continued a partner, think _ 
proper to allow the blowing machinery to be completed, by the © 
putting to work their fecond boiler of 20 feet diameter for the | 
fire engine, according to my original-defign, which, by adjufting 
the machinery, would have enabled us to blow two furnaces, . 
with two boilers, with as much effe@, in proportion, as one fur- 
nace with one. boiler. This inftrument had the advantage of — 
enabling the work people to difcover ‘the real: power of . their 
blaft, and know the exact condition of the air valves, and the 
gearing, of the blowing ‘pifton for if thefe were not tight, and 
in order, (although the engine might, to appearance, be doing 
well; by making the fame number of difcharges of the air pump 
as ufual per minute), yet the wind guage would not rife fo high, 
and would fhew that there was an imperfeétion fome where, by 
reafon of a quantity of air efcaping at the valves, or pifton, that 
could not fo eafily otherwife be known. This contrivance was. 
confidered as of much ufe, and was afterwards always quoted in 
the Company’s journal books, to fhow the actual ftate of the 
blowing machine, in comparing the daily produce of the fur- — 


I nore you will not think me tedious, when I explain to you 
another experiment, which appears tome to be of confiderable 

importance to all manufacturers of caft iron. c 
map reafon to conjeAure, from my own obfervations on. 
of blowing machinery on blaft furnaces, as well as 
from. 
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from the knowledge I had pequebied from my father Dr Rok- 
BucK, and from my communications with other experienced 
iron mafters, that a great part of the power of fuch: machinery — 
‘was mifapplied in general practice, by throwing air into fur- 
naces with much greater velocity than. neceffary;, and that, .if 
this velocity. was, to a certain degree diminifhed, the fame. 
power, by properly adjufting the blowing machinery, of what- 
"ever nature, would be capable of throwing into'the furnace a _ 
‘proportionally greater quantity of air. For, “Since the guan- 
tities of any fluid, iffuing through the fame apertures; are~as) the 
Square roots of the preffure it follows, that.it would require 
four times the preflure, or power, to expel double the quantity. of 
air, through the fame aperture, in the fame time!: But if: the 
area of the aperture was doubled, then the quantity of air ex- 
pelled by the fame power, and in the fame times would-be’ ins 
creafed in the ratio of the {quate:root of .2 to 1 though: its ve- 
locity would be diminifhed exadtly in. the fame: proportion: 
Again: I confidered that the quantity and intenfity of ay 
produced in blaft furnaces, and confequently: its effects: in’ in- 
creafing the produce, might be only in ,proportion:to the, quan- 
tity of air decompofed in the procefs of :combuftion, without 
regard to its greater velocity ; that is to fay, whether or not 
the fame quantity of air was forced, in the fame time, into 
the furnace through a {mall -pipe, or through; one of larger 
dimenfions ; for, in attending to the procefs.of a common air 
furnace for remelting of iron, where there is a very large quan- 
tity of air admitted through the large ‘areas between the bars, 
it is well known, that a much greater intenfity of heat is pro- 
duced than takes place in a blatt furnace, and ‘yet: the :air:.does 
not enter into the fire through the bars. with increafed den- 
fity or great velocity. I therefore thought it probable, that in- 
creafing the quantity of air, thrown into the blaft furnace in a 
confiderable degree, although the velocity or denfi Wy might be 


much 
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much lefs, would have the effect of increafing its heat, and ope- 
rations, and produce. And as, from the principles above ftated, 
with regard to the machinery, I faw I could greatly increafe the 
quantity of air thrown into the furnace, by enlarging the dia- 
meter of the blow-pipe, and regulating the engine according- 


_ ly, without being obliged to emaploy more power, I was anxious 


to make this experiment. 

_A fyftem of management, of which I did ‘i no means ap- 
prove, was ‘adopted by the other partners of the Devon Com- 
pany, foon after the works were begun to be erected ; and, in 
the profecution of it, they ordered their fecond furnace to be put 


in blaft, without permitting thofe meafures to be taken that 


were neceflary to provide and maintain a fufficient ftock of ma- 


terials; and alfo without allowing their blowing machine to be ~ 
completed, according to the original defign, by the addition of _ 
its fecond boiler. .As might have been expected, a trial of feve- 


ral months to carry on two furnaces, with only half the power 


of fteam that was neceffary, and an inadequate ftock of mate- 


rials, proving unfuccefsful, the Company, as a remedy, inftead 
of making up the above deficiencies, ordered one of the fur- 
naces to be blown out, and ftopped altogether. This improper 
-meafure, however, afforded me the opportunity of immediately 
putting in practice the plan I have mentioned. 


WuEN one of the furnaces was ftopped, the other continued 


to be blown by a blow-pipe of 24 inches diameter, and the pro- 
duce of the furnace, for feveral weeks thereafter, was not 20 tons 
of iron per week at an average. The engine at this time was 
making about 16 ftrokes a minute, with a ftroke of the air 


pump, about 4 feet 8 inches long; but when I altered the dia- 


meter: of: the: blow-pipe; firft:to and immediately after to 3% 


— inches diameter, and regulated the working gears of the engine, 
fo as to make a ftroke of 5 feet 2 inches long, and about 19 


-ftrokes in a minute, on an average, the produce was immediate- 


ly 


| 
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ly increaféd. It continued to be, én: an average ‘of nine 


- months immediately after this improvement, at the rate of 33 


tons of iron per week, of as good quality as formerly; for — 
during this period, from the 21ft November 1795 to July 30. 


19796, this one furnace yielded 1188 tons of iron.» No more 


coals were confumed in working the blaft engine, or other-ex- 
pences about the blowing machine incurred, and therefore “x | 
more power was employed to produce this great effect. | 

is alfo of much importance to retnark, that the cdnfumption of 


_ materials, from which this large produce was obtained, was by 


no means fo great as formerly. The furnace required very con- 
fiderably Je/s. fuel, lefs ironftone, and le/s limeftone, than were em- 
ployed to produce the fame quantity of iron by the former me- 
thod of blowing ; and according to the ftatements made out by 
the Company’s orders, as great a change ‘was atanee in the 
ceconomical'part of the 

From the fuccefs of this experiment, fo well 
continued for ‘feveral months, I am led to be of opinion, that all 
blaft furnaces, by a proper adjuftment of fuch machinery as they 


are provided with, might greatly and wipentegepaly increafe 


their produce, by affuming this as a principle, viz. “ That with 
the given power it is rather by a great quantity of air thrown into 
the furnace, with a moderate velocity, than by a lefs quantity thrown — 
in with a greater velocity, that the greateft benefit is derived, in 


the fmelting of ironftones, tn order to produce pig-iron.”’ :. However, 


it is by experiment alone, perhaps, that we can: bie enabled to 
find out the exact relations of power, velocity, 4 ered Snemned of 


air requifite to produce a maximum of effect'*, 


-BuT, an unfortunate difagreement among the pavenets af 
Devon Company, it out of, co 


 * Tr Q be the quantity of a fluid, caahis in a given time faci an aperture of 
the diameter D, V its velocity, and P the powér by which it is forced through 
the aperture : then the area of that aperture being as D’, the quantity of the fluid 
iffuing in the given time will be as VD’, or VD? ==Q. 
AGAIN, 
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- grefs in this matter, by laying me under the necefiity, two years. 


ABO, withdraw rawing myfelf entirely, Sam; the: concern. 
‘hon 
have ‘the onour to. Be, refpedfully, 
99% Your mott- obedient fervant, 
June 30.1798.5 Joun’ Rozsvex. 


In to is faid above, a pleas of 
air vault and) furnaces. of the Devon Iron- is given 
Plate I. ; of which the explanation follows: = .-i4. 


EXPLANATION OF Fic. 2. Pr. 


The air vault, formed by. a mine drove the 
“rock: ‘of coarfe grained 
pipe that conveys. the ir from. the b owin 
‘The pipe that carries air from. t air 
vault to the iron wind chet. 


 Acain, this qunukity multiplied into its velocity, will be : as the momentum of 
the fluid expelled, or as the power by which it is expelied, that is, V7 D* =P, or 
VD=yP. 

HERE, if D is given, V is as VP, as Mr Roesucx Allfo, 


becaufe V = and. alfo V = Dy P, fo that, while Temains the 


fame, Q will as D. and V will diminifh in the fame ratio. 

THE problem, therefore, of throwing the greatett quantity of air into the furnace, 
‘with’a given power, firiétly fpeaking, has no maximum, but the largeft aperture of 
which the engine can admit muft be the beft. It is ‘probable, however, that there 
is a certain velocity with which the air ought to enter into the furnace; this will 


produce a limitation of the problem, which, as Mr Roesuck fuggefls, is not ey 
to be difcovered but Ey experiment. J. Pe : | 
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Theit iton a+ feet: in which 


: is inferted a wind-gauge, reprefented i in fig. 3. 
FF The two blow-pipes for each furnace, which termi- 


nate in apertures of “inches at the 


“-tweers of the ‘furfiaces. 


G “The two blait in two pits in 


the folid- rock: 


HH The timps of the Soren forth whence the caft-iron 
is run off into the cafting room, LL. - 

O The door to -occafional udinictance: into the air 


M ~The excavation, in which is placed the’ ‘blowing i ma- 
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A ‘The | ‘of’ the wind-gauige, (about 12 inch Yang), which 
is open to the being half. filled 


| The end i in the ‘iron wind chet, 


the ef the of, the a air. 
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on and Lava. By Sir 
Bart. F. R. S. & A.S, Row. 


Read, Marth 5. and Fane 18. 1798.) 


defcribed thie paper were fuggefted to 


me many years ago, when employed in ftudying the Geo- 


“logical Syftem of the late Dr Hutton, the following, 


fible objection, to which it feems liable. 
GRANITE, porphyry, and bafaltes, are fuppofed by Dr Hur. 


but their internal ftrudture, ‘being univerfally 
rough and ftony, appears to contradict this hypothefis ; for the 


refult.of: the. fufion of. earthy fubftances, hitherto: obferved in 


our experiments, either is or in. fome degree, the 

TH1s, objection, however, lofes of i its ‘farce, whet we 
attend:,to the, peculiar circumftances under. which, according 


to this theory, the action of heat was exerted. Thefe fubftan-— 


ces, when in fufion, and long after their congelation, are fup- 


pofed to have occupied a fubterraneous pofition far below what 


was then the furface of the earth ; and Dr Hurrow. has afcri- 
bed: to the modification of heat, by pater of 
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the many important phenomena af the 
mineral kingdom, which he has thus reconciled to his fy- 
ftem. | 


ONE. neceflary confequence of the. pofition .of. thef b 


‘feems, however, to have been overlooked by Dr HutTon ‘him- 


felf: I. mean, that, after their fufion, they muft have cooled 
very flowly ; and it appeared to me. probable, on that account, 


that, during theit congelation, : a cryftallization had taken place, 


with mote or lefs: regularity, producing the ftony and cry- 
{tallized ftru€ture, common to all unftratified fubftances, 


from the large grained granite, to the fine grained and 
almoft homogeneous; bafalt. This ; -conje@ure, derived addi- 
‘tional probability from an accident fimilar to thofe former- 


ly obferved by Mr Keir, which had juft happened at Leith: 
a large glafs-houfe pot, filied with green bottle glafs in a 
fion, having cooled flowly, its contents’ had 
ture. 

Tue ESE views part. of a paper which had ‘the: 


~ nour of laying before this Society in 1 79° *y ‘and about the 
— fame time I determined to fubmit ‘my opinions’ to! the teft 


of experiment. I communicated this intention to all my 
friends, and in particular to Dr Hutton ; from him, how-_ 
ever, I received but little encouragement. — ‘He was impreffed 
with the idea, that the heat to which the mineral’ kingdom 


has been expofed was of fuch intenfity, as to lie’ far beyond 3 
- the reach of our imitation, and that the operations: of nature 


were performed on fo great a {cale, compared to that ‘of — 
our that 1 no drawn : 


reafons induced me not to this papér at full bus; 
withing to preferve a record of fome opinions peculiar to myfelf which it contains 
ed, I introduced a fhort abftraét of it into the Hiftory of the Tranfactions. — 


v 
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-fentiments in one of his late publications, (Tbéory of the Earth, 
p. 251;); where he cenfures thofe who “ judge of ‘the 
_ "great operations of the mineral kingdom, from having kin- 
_ © died a fire, and loédked into the bottom of a little crucible.” 

Bort, ‘notwithftandihg my veneration for’ Dr: Hutton, I 
could not help differing from him-on this‘occafion : For, grant- 
‘ing that thefe fubftances, when in fufion, were-aéted upon by a 
of ever. fo great intenfity, it is. certain, neverthelefs, that 
many of them muft have congealed in moderate. temperatures, 
fince many are eafily fufible ‘in our furnaces ; for ‘it is impofhible. 
that.a fubftance fhould congeal at ‘a point than that at 
which it may afterwards be melted. _ If, then, thefe phenomena 
depend upon the circumftances of congelation, the imitation of 
the natural procefs is an objet which may be purfued with ration 
al expectation of fuccefs; and, could we fucceed in a few examples 
ona {mall {cale, and with eatily fufible fubftances, we fhould 
be entitled to extend the theory, by analogy, to fuch as, by their 
bulk, or by the refractory nature of their compofition, ‘could 
not be fubjected to our experiments. It is thus that the aftro- 


nomer, by obferving the effects of gravitation on a little pendu- _ 


lum, is enabled to eftimate the influence of that principle on 


the heavenly bodies, and thus to extend the range of accurate~ 


{cience to the extreme limits of the folar fyftem.. 


_EncouraGEp by this reafoning, I began my projected feries . 
of experiments in the courfe of the fame year (1790), with very — 


promifing appearances of fuccefs. I found. that 1 could com- 


mand the refult which had occurred accidentally at the glafs- _ 


houfe ; for, by means of flow cooling, I converted bottle glafs, 
after pila into a ftony fubftance, which again, by the ap- 
plication’ of {trong heat, and fubfequent rapid cooling, I refto- 


red to the ftate of perfect glafs. This operation I performed re~ 


peatedly with the fame fpecimen, fo as to afcertain that the cha- 


| 

| 

| 
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radter: of ithe refult was or. according. tor tbe 


mode of its cooling. 
Some peculiar of | 
thefe experiments till laft winter, when I determined to refume 


‘them. Deliberating on the fubftance moft proper to fabmit to 


‘experiment on this occafton, I was decided by the advice of Dr 
Hore *, well known by his. difcovery: of the of 
tites, to give the preference to whisiftone. 

THe term whinftone, as ufed in moft parts of Scotland, de 
notes a numerous clafs of {tones, diftinguithed. in other coun- 
tries by the names of bafaltes, trap, wacken; griinftein: and — 


_ porphyry. As they are, in my opimion, mere varieties of the 
fame clafg, | conceive that they ought to be conneéted ‘by fome 
- common name; and have made ufe of this, already familiar to 


us, and which feems liable to no it: mot: con- 
fined to any particular fpeciés | 


THE following experitrients were performed with vatious kinds 


gate the relation between thefe two claffes of fab ftances, in 
the prefent ftate of ‘geology, an object of confiderable. impor- 
tance; for they refemble each other in fo many refpects, that 
we are capensis led to afcribe, the formation ; of both to the 
* In the courfe of lat winter, when I firft thought of refuming my experiments, 
] propofed to this gentleman, that, in imitation of a praétice, common in the 
Academy cf Sctences of Paris, we fhould perform them in company. To this-pro- 
pofal he cheerfully agreed; but, before any experiments had been begun, he found — 
himfelf fo much occupied by. profeflional duties, that he could not beftow upon the 
fabjedt the time which 1 it neceffarily Fequired; and. we gave up the idea of working 
+ Iv charaGerifing the with iby 
variation, defcriptions drawn up by DrKennepy, whofe name I thail have occafion 
frequently to mention in the courfe of this paper. In the employment | of terms, 


we have profited by the advice of Mr DERIABIN, a a gentleman well verted i in the oe 


language of the Wernerian School. 
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fame ‘taufe,) and: to ‘believe that whinftone, as ‘well as lava, has 
been expofed to:the action of heat. -In the courfe of the paper, - 
fhall ‘mention feveral accidental refults, which, if confidered 
feparately, might feem unworthy of notice, but which, by af- 
fording the:means of ‘comparifon between. ‘two ate 
of great fervice in the general imveftigation. 
THe whinftone firft employed was taken a near 
_ the Dean, on the Warer of Leith, ih the neighbourhood of 

Edinburgh. This {tone aggregate of black and green- 
ifhsblack’ hornblend, intimately . mixed ‘with: a: pale reddifh- 
browa: «matter, which: has fome refemblance ‘to felfpar, but 
far ‘mare’ fufible,~ Both fubfances are imperfectly and con- 
fufedly cryltallized in minute grains.’ .The hornblend is in 
the greareft proportion’; and ‘its fracture appears to be ftriated; 


though in fome parts foliated’; ‘that of the teddith-brown 
matter is foliated. "The fracture of the ftone en maff is ‘uneven, — 


and it abounds in final! facettes, which have fome- degree of 
luftre.. Te may be fcratched, though with difficulty, by a knife, 
gives an earthy fmell when: breathed: on. It 
contains fmall fpecks of pyrites. . 

Ow the v7th of January 1798, I introduced. a black lead cru- 
cible, filled with fragments of this ftone, into the great reverbe- _ 

rating farnace at Mr BARKER’s iron foundery. In about a. 
| quarter of an hour, I. found that the fubftance had entered into | 
fufion, and was agitated by a: ftrong ebullition. I removed the 
crucible; and: allowed: it to cool rapidly. The refult was a black 
fome fpocks. 

In fabfequent I by. flow. 
after fufion, to prevent the whinftone from’ becoming vitreous,.. 
and to'compel it to refume its original. charaéter: by cryftalliza-- 
tion. In. this. I> fo. far: fucceeded as to. obtain a: fubftance;. 
was net. glafs, it did not the 


of 
* CALLED Bell's Mills Quarry. 
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of whinftone. ‘of this ‘initermeédiate: fabftance} 


which «much ‘refembled- the. diveroof: ian: accom- 
paniéd: with fome ‘curious! particulars,-which fhall.enuiierate 
and explain ‘in another part of this paper: fome otcafions; 
too, obtained: a:vitreous smafs. im -whichiwere:a: of 


little {pheres, having dull or-earthy fracture. 
_ Ar laft, onthe 27th of 


objeét I shad: in: view.  Aocrucible, containing a quantity 


of whinftone, melted in the manner above! delcribed, bemg te- 


moved from the réverberatory, and conveyed rapidly to a large 


open fire, was immediately furrounded: with burning. coals, and. 


the fire,.after being maintained. fevéral’ hours, was ‘allowed ‘to 
go out. The.crucible, when cold, was: broken; and;was found: 


to contain a fubftance, differing in-all refpects from glafs; and 
in texture completely refernbling -whinftone., fractute was 
rough, ftony:. and. cryftalline; and). ‘number’ of ‘fhining: fa+ 
cettes. were interfperfed, through the whole. mafs, >The: 
lization ftill more apparent: cavities. produced by: air 
bubbles, the internal of which» ‘was lined with, 
cryftals*, 
~Havine fhewn this refult to my ‘friends, Di Hore 
regretted that the fubftance,: previoully. to its artificial ¢ryftalli- 
zation, had: not. been reduced ta the ftate of folid. glafs ; fince 
the adverfaries-of the fyftem might allege, that, during thei ac- 
tion of heat, the, original’ cryftallized texture'of the ftone*had 
never been. completely deftroyed.) Being: convinced: of thie! pro- 
priety of this obfervation, I. determined, in. future, to. reduce the 
{tone firft to glafs, and to the a 


pad s 


_For:this purpofe, affitance of DrKan: whofe. 


co-operation. Tam: greatly indebted :for the: fuccefs all.the fol- 


lowing I a of the fame whinftone 


I sHowED ‘this refult at a of the Society on sth February. 
| Vitec) eked agian * 
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‘to moft perfect black glafs..»A-crucible, filled» with fragments 
of this glafs, being then expofed to a heat, which, from previous 
trials, was’ judged to be more than: fufficient to reduce its 
contents to: fufion; the fire. very gradually lowered till 
all was«cold. thus'.expected: to, obtain a refult fimilar to 
that: laft. mentioned, but found, to my. great furprife, that 
the fragments had never been. in- complete’ fufion, fince they 
meafure,: retained. their original fhape. This 
extraordinary fact, which afterwards led''to the difcovery,of fome 
curious’properties: of whinftone, will be, accounted for ina 
fubfequent partiof the paper.) touts 
ANOTHER portion of the fame glats. 
‘by avery ftrong: heat, the temperature was reduced to about 28 
of WEpcGwoop, and was maintained, at that pitch during fix _ 
hours. The refult was a perfectly: folid. mafs, cryftallized toa - 
certain depth from the outfide, though ftill vitreous in the heart. 
In another experiment, performed like the lat in all refpedts, - 
except that the heat was maintained at 28 during twelve hours, * 
I obtained a mafs enurely cryftalline and ftony throughout, 
with facettes appearing in the, folid parts; and {mall 
{hooting into fome of the cavities. 
after had. communicated ‘thefe refalts. Dr Horr, 
he performed, with; complete: fuccefs, an.experiment familar to 
‘a the: firft, in which | had obtained a cryftallized fubftance;-by 
gradual cooling of the ftone. | The! farne-was 
-foon:afterwards, performed by Mr. of Auchinleck. 
~My experiments, already defcribed, were confined to one 
fpecies of whinftone ; but have fince been extended to fix other 
varieties. They wer all:firft reduced to°glafs by the application 
of a ftrong heat, and fubfequene’ rapid tooling, After a fecond 
fufion they were cryftallized, by. being kept Jong in a ftation- 
temperature, between 28.and 3a; This ,laft operation was 
beft performed 3 in a long and narréw muffle, ‘wholly’ futround- 


| 


_true by his father’s original Handerd, 
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ed with burning coals, according to a practice long followed by 

Dr Kennepy, by which the heat could be maintained with 

fo great fteadinefs as to render the refult almoft certain. 
Tue fufibilities were determined in an open muffle, in which 


a fragment of the fubftance under trial was placed contiguous 
to a pyrometer piece. As foon as the fragment, in confequence 


of the gradual rife of: heat, had fo far foftened as to yield to 
the touch of a bent iron rod, the pyrometer was removed and 


‘meafured. The fufibilities, thus obtained, in degrees of WEDG- . 
_ woop’s fcale *, have been ftated in a table, to which I would be 


underftood to refer. I have diftinguifhed the cryftal- 
lized fubftances, obtained from the glafles, by the name of 


eryftallite, a term fuggefted by Dr Hore. It may be-obferved 


in this table, that the original whins foften in a range from 38 


to 55; the glaffes from 1 5 to 24, and: she. 


from 32 to 45- 


I. Win of Bells Mills 


Tuts ftone was the fabjed of all elie: 
{cale. .. 

In the fufibility of the a cu- 
rious occurred, which accounts far the unexpected 


RS. refults 


Tue of the temperateres may relied. upon as accurate ; 


were determined by two fets of pieces, one purchafed: by me during the lifetime 
of the late Mr WepGwoop, and the other likewife made by him, belonging to 
Dr Kennepy. The two fets correfpond exaétly; and Dr KewneEpy’s had, at his 
requeft, been carefully examined by the prefent Mr found them 


17) 
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refults alncady mentioned.’ I ‘had placed. in the: muffle a lorie 
_and flender fragment of this glafs,. with its extremities’ re{ting 


two fupports of clay, and: its middle unfupported. ‘Having 


then increafed the temperature by dlow degrees, I expected to dif 
cover the loweft point of emollefcence, by obferving when. the. 
fragment funk: by its: own weight. -The muffle having attained 
a moderate: heat, I -obferved the glafs to lofe its fhape a little. 
- Wifhing to fee it completely melted, the fame heat was con- 
tinued, but no: further change took place; The heat was then 
raifed feveral degrees, but without effe@, At laft, being urged 
ftill further; ‘the glafs funk:down completely between its fup- 
ports. The — denoted a'tem- 
perature abovego.. 
occhrred to me, that, on thie the glate, by the 
firft application of heat, had foftened, and then had cryftallized, — 
fo.as to become ‘hard: again ; that,’ in eryftallizing, it had ac- 
quired fuch infufibility as to yield to no ‘heat under 30. I im- 
ment. 

A PIECE the in a cup of was in- 
troduced into the muffle, heatéd to 21. In one minute it be- 
came quite foft, fo.as to yield readily to the preflure of an iron 
rod. After a fecond minute hail elapfed, the fragment, being 
touched by the rod, was found to be quite hard, though the 
temperature shad remained: ftationary. . The fubftance, thus 
hardened, had undergone a change throughout; ; it had loft 
the vitreons: character; when broken, 1t exhibited a fracture 
like that of porcelain, with little luftre; and its colour was 
changed: from black to dark brown. Being expoted. to heat, it 
was found to be fufible at 31 ; that it was lefs Fable 
than the glafs by 13 or 14:degrees. 

and varied experiments have ince pate’, in ‘the 


cleareft manner, that, in any temperature, from 21 to 28 inclu- 
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five, the: glafs of this whin paffes from’ a ‘foft; of liquid *ftate, 
to a folid one, in confequence of cryftallization ;° which ‘is diffe- — 
rently performed at different points of this range." In the lower 
points, as at 23, it 18 rapid ‘and imperfect ;' in higher ‘points, 
flower ‘and more complete, every intermediate temperature | 
affording an intermediate refult. I likewife found, that cryftal- 
lization takes place, not only when ‘the heat is ftationary, but 
likewife when rifing or finking, provided its progrefs through 
the range juft mentioned is not too rapid. Thus, if the heat of 
the fubftance, after fufion, exceeds one’ minute in pafling from — 
21 to’23, or from 23 to 21, the. mafs: 

and lofe its vitreous character. - 

THESE facts enabled me to account for the vieteilint of shed 
fubftance refembling the liver of an animal, which I obtained © 
‘in my firft attempts to cryftallize the melted ftone.' -Not being 
then aware of. the : temperature proper for complete cryftalliza- 
tion, I had allowed it to be pafled over rapidly by the defcend- 
ing heat, and I had begun the flow cooling in thofe lower 
points, at which the formation this 
the fame means was to unexs 
pected refult, which I obtained in endeavouring to ‘convert the 
glafs of this ftone into cryftallite.. The: fire applied to the cru- 
cible, containing fragments of ‘the glafs, had been raifed very 
flowly, which I know to have been the cafe by fome circumftan- 
ces of the experiment. The glafs had foftened:by the firft appli- 
cation of heat, but had cryftallized again as the heat gradually | 
rofe ; fo that the fubftance confolidated, while ftill fo vifcid: as 
to retain the original fhape of the fragments; at the fame. time 
it acquired fuch infufibility as to refift the sor Sp a of ea 
er degrees of heat during the of 


r 
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| and | its fracture uneven, partaking of the fplintery: -It‘is.in ge- 


neral homogeneous, although; in fome: pieces, a very few.mi- 


nute cryftals of hornblend' are perceptible. It has fome:luftre, 


from a number of ‘fmall fhining facettes has an 
when breathed on; and gives fire flightly fteel:: 


THE pure glafs which this whin; ‘yielded, by rapid. ‘cooling 
afte’ a_moderate heat, was cryftallized in: three experiments, 
and produced maffes greatly refembling the original. In one of 
thefe, formed on a large fcale in the glafs-houfe, the refem- 
blance is fo ftrong, both as to colour and texture;‘that it would 


be difficult, or perhaps impoflible, to diftinguifh them, but for 
a few minute air bubbles vifible in the artificial cryftallite. | 


The glafs is lefs. fufible than that of No. 1.. and feems not to 


No the ‘Cola’ on Arthur’ s Seat, ‘near | 


ITs bafis is'a bafalt of a ack grey colour, and uneven fracture. | 


It contains numerous laminar cryftals of felfpar, which feem 
to be almoft colourlefs, and have confiderable luftre and ‘tran- 
fparency. It alfo contains fome black hornblend. It has an 
when breathed and Gives {parks fiightly with 
fteel. 

the’ temperature it 160, or the was chan- 
ged to pure black glafs ; but in a more moderate heat, (about 
60), the felfpar remained unchanged, while the hornblend ditt 


| appeared, formed a along with the bafis of the ftone 


Both 


| 

| | 

| 

| 
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Both kinds of glafs yielded highly characterifed cryftallites; that 

laft mentioned, having its felfpars entire, produced a fubftance 
like porphyry, in which the white felfpars were embedded in a 
black cryftalline bafis. The cryftals formed i: this bafis are 
fo complete in one example, that they are feen projecting in- 
to the cavities, and ftanding ereét on the external furface, fo as 
to make it {parkle all over: Thefe black cryftals feem to be 
hornblend of new formation. We have found, by fome late 
experiments, that they are confiderably more refra@tory than 
the cryftallite in which they lie, and are 


from the neighbourbood of Duddinghone Lochs, 


Ir has for its bafis a black. bafalt of an ‘uneven. frature. | 
In it are embedded. augit in numerous cryftals, felfpar i in a fmall- 
er proportion, and difperfed grains of olivin. The felfpar feems - 
to be greenith-white, with confiderable luftre and tranfparency. 


_ The ftone gives fire with fteel, and has a flight earthy {mell 


when breathed on, Its glafs yields a fine grained qyteite, 


like that of No. 1. 


No. Wohin Salifoer Grats near 


is an ‘aggregate of black of a 
greenifh-white matter, both in minute grains. The greenifh- 


white matter refembles felfpar, but is much more fufible. The 


general characters are nearly the fame with thofe of the fpeci- 
men already defcribed, No. 1. It has confiderable luftre, chiefly | 
from the hornblend; an earthy {nell when breathed on; and 
gives fome fparks with fteel. Its glafs | yielded a highly Pacetaet 
| cryftallite, 
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cryftallite, approaching to ‘the ftru@ure the whin- 


Ir is found in great | blocks in the ‘bed. of the river, and has 
been brought there no doubt from a mafs of. the fame kind in 
the mountains above. It confifts of black hornblend, | and: of 
a whitifh matter refembling felfpar, as in No. 1. and No. 5° 
_Thefe two fubftances are nearly in equal proportion, and‘ are 
confufedly and imperfectly cryftallized in minute mafles. If 
the whitifh fubftance were felfpar, this ftone, as well as that 
laft mentioned, would be the griinftein of Werner; but this 
white fubftance is far more fufible than felfpar, and melts at a 


lower heat than the hornblend, with which it is mixed. It 


has an earthy fmell when ‘on, be 
difficulty by a knife. 


In fufion and cryftallization it refembled the whins. 
A fragment fimilar to this in all refpeéts, which I found — 


in the neighbourhood of Edinburgh, manifefted fo ftrong a 
difpofition. to'cryftallize, that, though cooled in the open air 
after fufion,.it was found ftony in the heart, with a vitreous 


outfide. ‘When cryftallized, however, 


No, 7. of the Bafaltic Columns Staffa. 


it RECEIVED this fpecimen from a gentleman who broke it from 
the original rock. It is bafalt of a bluith-black-colour. It is fine 
grained and homogeneous ; and its fracture is uneven. It has 
a {mall degree of luftre, from a number of minute fhining points 
perceptible in a ftrong light. It gives an earthy {mell when 
breathed on, and may be fcratched with. difficulty by a knife. 
It en a perfect and very hard aus which, in a regulated heat, 
produced 
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produced a uniform: ftony greatly ‘efembling: the’ | 


orl iginal. 

It has thus been that all the whins 
after fufion, a ftony character, in confequerice of” flow cooling ; 
and the fuccefs of, thefe experiments, with fo many varieties, 
entitles us to afcribe the fame property to the whole clafs.. ‘The 


| arguments, therefore, againft the fubterraneous fufion of whin- . 
ftone, derived from i its ftony character, ' feem now to ae ‘fully 


refuted. 


of Dr Hurton’s. Fy great 
may be expected from an examination of lavas. They have un- 
doubtedly flowed on the: furface by means of heat ; and whin- 


- ftone, according to his hypothefis, having flowed in the bowels 


of the earth by the influence of the fame agent, the two claffes 


ought to poflefs many properties in Msg os oe which the 


by means of a cabinet of which colle. 
ed in 1785, in company with Dr J. Home of this Society, 
on Vefuvius, Etna, and the Lipari Ifles.. this occafion 
we were greatly affifted by the celebrated M. Dozomreu *, 
who accompanied us in part of our expedition. Tis: cathot 
complains, in his writings, that travellers, in colleéting volcanic 


produétions, ‘have brought away only the fuperficial {eoria of 


lavas; , which nearly refemble each ‘other in all cafes, and ne 


I differ widely from this gentleman i in many of his opi- 
nions, I cannot too  firongly expres’ my admiration of his merit as a-natural hiftorian. 

His defcriptions of countries, as well as of minerals, prefent the moft lively repre- . 
fentations to the mind of the Teader, which, in the numerous, d hats witne 


fees are corredt, 
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no idea of the real charter: of the lava, which can only be feen 
in the interior parts of the currents, In forming our collection 
we fcrupuloufly avoided this error, and chofe fuch fpecimens 
only as were the moft compadt and free from the foneatian ap- 
| pearance of the furfacn 

Wuen thefe folid lavas are with our 

the refemblance between the two clafles is not only ftriking at 
firft fight, but bears the clofeft examination. They both con- 
fift of a ftony bafis, which frequently contains detached cryftals 
of various fubftances, fuch as white felfpar and black hornblend. 
The analogy between the two claffes feeris to hold through all 
their. varieties; and I am confident that there is not a lava of - 
Mount tna to which a counterpart may not be produced from 
_ the whinftones of Scotland. 
Tuts refemblance in external is accompanied with 
an agreement no lefs complete in chemical-properties. But be- 
fore I mention the experiments which tend to prove this agree- 
ment, it will be neceflary firft to examine the opinion of two 
very celebrated authors concerning lavas. M. DoLomigu and ~ 
Mr Kirwan, though they differ widely in many refpects, agree 
in believing, that lavas have never been acted upon by a heat of 
fufficient intenfity to produce complete fufion ; and endeavour, 
each by an hypothefis peculiar to himfelf, to account for their 
fluidity. The opinion of thefe gentlemen is of fuch importance 
in the prefent queftion, and the arguments they have ufed are 
fo extraordinary, that I muft ae leave to — their words at 
full length, 
M. DoLomiEu opinion in paflage, 
(Ifles Ponces, p. 7..): “ Il eft effentiel de conftater, par beau- 
“ coup d’exemples et d’obfervations, quelques vérités que j’ai 
“ annoncées il y a plufieurs années, favoir, que le feu des vol- 
“ cans ne démature pas ordinairement les pierres qu'il a mifes 
“ en état de fufion ; qu'il ne les altere pas au point de ne pou- 
voir les reconnoitre, de ne pas diftinguer quelle a pu étre la 
Part I. “ bafe 


| 
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&¢ 


“ bafe des haves ; ; que ce feu agit différemment que le feu de 
* nos fourneaux, tel que nous |’employons dans la chimie et 
dans les arts; qu'il produit dans les laves une fluidité qui 


n’a aucun rapport avec la-fluidité vitrewfe, que nous opérons, 
lorfque nous traitons 4 grand feu les mémes matiéres qui leur 
fervent de bafe, et lorfque nous voulons rendre aux laves eiies 
mémes leur fluidité. Celui des volcans n’a point d’intenfité ; 

il ne peut pas méme vitrifier les fubftances les plus fitted, 
tels que les fchorls, qui fe trouvent comme parties contti- 
tuantes dans l’intérieur des laves ; il produit la fluidité par 
une efpece de diffolution, par une fimple dilation, qui permet: 
aux parties de gliffer les unes fur les autres, et peutétre encore 


_par Ie concours d’une autre mayen qui - de véhicule a la 


fluidité.”’ 
Mr Kirwan cenfures this fipnediiba as ftrange and incon- 


-ceivable ; but in my opinion, that which he has brought ’for- 


ward is not lefs fo. Inthe Elements of Mineraiogy, fecond edition, 


6s 


vol. I. p. 396. he fays: “ Now, there are but three forts of fu- 


fion with which we are acquainted:: that which produces por- 
celain; that which produces enamels and femi-vitrifications ; 
and that which produces glafs. By irfpecting lava we hall 
find that very little of it has been in any of thefe ftates ; fince 
therefore it has flowed, it is plain it has derived its liquifac- 
tion not from the fufion of its own materials, but from that 
of fome foreign fubftance mixed with it. This fact is fo plain, 
that it has even ftruck M. DoLomieEu, in the midft of his 
prepoffeffions, in favour of fome ftrange inconceivable power, 
which he attributes to volcanic fire, of melting earthy fub- 
ftances, without effecting an alteration in their fenfible quali- 
ties. ‘I hope,” fays he, “ to prove, that lavas contain, in 
their interior, a combuftible’ matter, which burns and con-. 
fumes in the fame manner as other inflammables,” Tfles Pon- 


ces, 10. Yet he negle¢ts telling us what this matter is; though 
it plainly to be no other than and 


of 


te 
| 
ce 
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“ of which an immenfe quantity is found in all volcanos, 
“ which liquifies in a low degree of heat, and caufes all the 
“ ftony fubftances to flow that are immerfed in it.” - 
Tue. fuppofitions which thefe gentlemen have thus advanced, 
and have ferioufly maintained in various parts of their works, 
have arifen in both from the belief, that, in our fires, nothing - 
_ but glafs can be produced from a lava after complete fufion. 
This being taken for granted, it would certainly be very diffi- 
cult to explain the phenomena of actual eruptions, by means of 
the known agents of nature. Recourfe has therefore been had, 
by one of thefe gentlemen, to a hypothetical modification of 
thefe agents; and by the ether to the influence of fubftances, — 
which have left behind them no trace of their exiftence *, and 
which, had they been prefent, could not have ig gs the 
effects afcribed to them. 
AccorDING to both fuppofitions, the heat of is COn- 
ceived to be of very little intenfity ; but the few obfervations I 
had occafion to make, which are confirmed’ by innumerable 
_ faéts related by travellers, convince me that it muft far ex- 
ceed what is requifite for the moft perfect fufion of the lavas, 
and of all the fubftances contained in them t; and the ex- | 
periments already defcribed fuperfede the neceffity of fuppo- 
fing any thing different from the common courfe of nature; 
for they afford, analogically, an eafy folution of the difficulty, 
by fhowing that glafs is not the only refult of fufion, and that 
whin, a fubftance like lava, when cooled flowly after fufion, 
H 2 refumes 
* None of the lavas I have feen contained the {malleft veftige of petroleum ; nor 


did I meet with any fulpbur but what was evidently produced by the condenfation 
of vapours, rifing through crevices, long after the eruptions had ceafed. , 


+ I concEIvE, therefore, that the formation of the infulated fubftances contained 
in lavas, as well as the other peculiarities of internal firu€ture, pofleffed by lavas in 
common with granite and bafaltes, muft be afcribed in all of them to cryftallization 
during flow cooling after fufion, as I ftated formerly in Spring 1790, (Tranf. Edin. 
vol. IiI.). The year following, Dr Beppogs prefented to the Royal Society of 
London a paper, in which he alfo explains the character of granite and — by 
cryftallization, 1 in confequence of flow cooling. 
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refumes its ftony character. But, not content with analogy 


alone, I refolved to afcertain the truth of thefe conclufions in a 


direct mamner, and performed the following experiments with 
{pecimens of fix different lavas, four of which, to my certain 
knowledge, had made part of external volcanic currents. «In the 


| prefent ftate of geology, too much pains cannot be beftowed in 


afcertaining that the f{pecimens colleéted are really lavas, fince 
this circumftance has been frequently overlooked, as I fhall en-. 


deavour to fhew, when I fpeak of: the differences between. 


and whinftone. | 


No. 1. Lava of Catania. 


“Tar 1s is the- celebrated lava, which, in 1669, laid wafte great 
part of the town of Catania. The interior part of the cur- 
rent, (accurately defcribed by M. Dotomieu, Jfles Ponces; 
p. 256.*), from which the fubjeé&t of our experiment was taken, 
confifts of a light grey bafis, interfperfed with cryftals. of fel- 
{par and of fchorl, (augit), It bears a general refemblance to. 
the rock of the bafaltic columns on Arthur’s Seat, and exhibited 
the fame phenomena in our experiments. After {trong heat, the 
whole was reduced, by rapid cooling, to pure black glafs ; but 


when the heat applied was moderate, the felfpars remained. 


unchanged. Being maintained, after a fecond fufion, in a 


temperature of 28, both thefe glaffes yielded ftony and cryftal~ 
lized fubftances, fomewhat lefs fufible than the original ; and . 


when. 


* <¢ Eire eft formée au une pate. de roche de corne grife, a grains fins, mélée 
‘“« d’écailles, et de criflaux de feld- {path de méme couleur ; elle contient un trés 
** grand nombre de criftaux de {chorl noir, et de grains de cryfolites jaunes, les uns 
“et les autres quelquefois chatoyans, de différentes couleurs dans leurs fra@tures. — 
—— Cette lave a une caffure feche, et un grain rude, furtout dans 
“‘ le centre des. courans ; c’eft Ja on elle a toujours confervé une couleur plus claire, 
“ qui doit étre celle de fa, bafe; fur les bords es les furfaces elle s’eft fort noircie ; 
elle y a acquis une affez forte action fur Vaiguille aimantée que celle du centre n'a, 
prefque point.” 


| 
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when expofed to a temperature of 22, they cry{ftallized rapidly, like 
moft of the whins, into the liver cryftallite. This laft property 
common to all the lavas. | 


No, 2. Lava of Sta Venere. 


Pat current has flowed in the nélshbcnirhoud of a little chae 
pel, called Sta Venere, above the village of Piedimonte, on the 
north fide of Mount 4tna. Owing to the ftrong refemblance- 
which it bears to ftones fuppofed not volcanic, we took care 
that our {pecimens fhould be brokem from the actual current ; 
and to one of them, though moftly compact, is attached a 
fcorified mafs, which had made part of the external furface. 
The folid part is of a black, or rather dark blue, colour, very 
fine grained and homogeneous, having a multitude of minute 
and fhining facettes. vifible in the fiun ; in this, and in other cir- 
cumftances, it greatly refembles the sick of. Edinburgh Caftle. 
This lava is the fecond in M. DoLoMIEv’ 5 saucy, He and is well 
defcribed, p. 186 *. 

pure: black plats formed from this lava yielded, in the 
regulated heat, the moft highly cryftallized mafs. we have ob-. 
tained from any lava or whin. | 


No.3. Lava of La Motta di Catania. 


Tuis is. likewife compact and. homogeneous, but for a num- 
ber of fmall yellow grains of chryfolite fcattered through it, 
(defcribed by M. DoLomiEv, p. 191 +). It has been thrown. 
up by a partial eruption burfting: the hills. 

which 


* Lave homogene noire : fon grain eft fin et ferré, il eft un n peu brillant, comme. 
micacé lorfqu’on le au foleil; fa caffure nette et feche eft conchéide 
“ comme celle du filex.” ont 


+. It belongs to the fifth variety of his compact lavas. . 


i 

| 
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which furround Mount. ZEtna. The fituation of this mafs is 
fingular: It refts upon a little hill, formed of loofe fcoria, the 
fummit and fides of which are covered by the ftony mafs, fo 
that no crater is vifible. It ftruck me on feeing it, and I found 
M. Dotomiev had formed the fame opinion, that the lava had 


_ rifen up in a perpendicular direction, and had flowed over on 


all fides. Its great thicknefs, and fmall extent, feem to favour 


a conje@ture which this naturalift has formed with regard to 


feveral lavas, that they were erupted at the bottom of an ocean 
which once covered Sicily, and, being quickly cooled by the - 
contact of water, had been prevented from flowing far. The 


conjecture feems plaufible enough * ;, and, having no proof that 


this fubftance made part of an external current, as I have with 
re{pect to the firft two mentioned, I do not exhibit i it as a lava 
with the fame confidence. Whatever be its hiftory, however, 
it poffeffes the chemical properties common to whin and lavas. 
Its glats yielded a dark grey cry{tallite of uniform texture. 


-Befide it in the drawer, now on the table, I have placed a cry- 


ftallite, formed from the whin No. 1. which refembles it in 


every refpect. 


No. 4. Lava of Iceland. 


I RECEIVED the fpecimen from a perfon who found it on the 
fpot; but not being acquainted with the circumftances of its 
original pofition, [ cannot be certain that itisa lava. It has 
however every appearance of being fuch. 

Ir is a blue homogeneous fubftance, having fome chryfolites 
fcattered irregularly through 1 it — half its bulk is occu- 


pied 


,* M. Dotomiev afcribes the formation of part of Mount Etna itfelf to a fimilar 


caufe. I fhall have occafion, in another part of this paper, to confider that opi-— | 


nion. 


| 

| 

| 


EXPERIMENTS ot WHINSTONE and LAVA. 63 


pied by large air holes, which a not appear to. pave comtauned 
any extraneous matter, = 
Ir produced a very fufible pla, from which was Heat a 
cryftallite much more than the 


No. of Tor orre. ae 


flowed Vefuvins’ to the fea in the 
middle ages, has been an object of much: attention, on account | 


of its confpicuous bafaltic form. “It confifts of a grey bafis, the 
' fra€ture of which is coarfe and rough, and in which are embed- 
ded large and well characterized nies of fchorl, (Gugit), with 
a few chryfolites, (olivins). 
Ir was found to be lefs fufible any of the its. 
glafs in a lower | 


No. 6. of eruption I 78 5. 


From the circumftances in which the above five lavas have 
been feen to cryftallize after fufion, it can fcarcely be doubted 
that the fame procefs takes place in a volcanic ftream, which, 
in confequence of its bulk, muft cool with confiderable flow- 
nefs, and that a vitreous ‘charaéter would be affumed by the 
whole mafs, were it cooled with fufficient rapidity. 

TuHE truth of this laft opinion is demonftrated by fome facts 


which I accidentally obferved, long before my prefent views had - 


occurred, when, in fpring 178s, I had an opportunity of exa- 
mining a ftream ‘of lava, which flowed from Vefuvius. The 
eruption was comparatively fo gentle, that I was able, though 


not wine to > approach and examine the fiery 
ftream. 


i 
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ftream on three different days. It was in general concealed. by 
a thin white fmoke, which the wind blew: afide  occafionally, 
fo that I could diftinétly fee the lava as it burft from the fide of 
the hill, It was then of a bright white heat, and flowed with 
the agility and rapidity of water, in all refpects refembling melt- 


- ediron running from the furnace. The liquid, at its firft emer- 


gence, manifefted a {trong effervefcence, which fubfiding as the 
heat abated, fhewed itfelf at laft only in the burfting of fome 
very large bubbles, accompanied with a white fmoke. Where 
I approached, the ftream,, it was ftill of a {trong red heat, and 
had the confiftence of honey.. I thruft a ftick into it with 
eafe, to the end of which fome of the lava adhering, by its 
vifcidity, allowed itfelf to be drawn out into threads, and was 
found, when cold, to have a ZAR ie we and a vitreous 
BEING thus I had met ‘with a of I 


prepared fome moulds of ftucco, in which I meant to take cafts 


with that rare fubftance; and with this view returned to. 
the mountain. I found the ftream was not fo liquid as at firft, 


_ but I was able, by means of a ladle fixed on the end ofa pole, 


to lift the f{pecimen now before us in a ftate like dough. I 
then prefled 1 it with a feal, by which means, though too coarfe 


‘to receive an accurate impreflion, it took the fhape it now 


bears, which is that of the ladle. lt is very porous, _one- 
third of it nearly being occupied by. air holes. It contains a 
great number of {mall white cryftals of Vefuvian gar net, ‘em-_ 
bedded in a black fubftance, which completely refembles the 
glafs obtained in our experiments from lava by rapid cooling 
after fufion. Befides all their other properties; it ‘pofieffes the 
fufibility of the glafles, fince it foftens completely at 18, that is, 
14 or 15 degrees below the foftening point of any of. the. {tony 


lavas. Being expofed to the procefs of regulated cooling, it 
gave the fame refult as all the other lava glaffes. In the lower 


points 
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points it yielded a liver cryftallite infufible undgg 40, and in the 
higher a ftony fubftance like a common Java ‘ whin, and fu- 
fible only at 35. 


been faid is to interior parts of la- 


vas; but I was at a lofs to underftand the ftate of their exter- 
nal {iace, which, cooling much more rapidly, might be ex- 
_ pected to poffefs a vitreous character ; yet glafs is ndét found on 


the furface of lavas, except in a very few cafes, and has occur- 


red only in a fingle fpot on Atna. This difficulty was remo- 
ved, however, by the following confideration: Though the fur- 
face of a lava cools with far more rapidity than the reft of the 
mafs, yet, owing to the contact of the fiery ftream, that rapi- 


dity can never be very great; and we muft fuppofe that the © 
temperature of the furface employs more than a minute or two 
in defcending from 23 to 21. Where this happens, we have | 


-fhown that the fubftance confolidates into the liver cryftallite, 
which completely refembles the fcoria-of a lava. A fmall frag- 
ment of the mafs, which [ took from the running ftream, being 
placed in the temperature of 22, loft its vitreous character in 
two minutes, as already ftated ; and had the mafs itfelf been al- 
lowed to remain but a very little longer in the ftream, it would 

certainly have acquired, as well.as the reft of the furface, the 
dull character of fcoria. 

THE fame property a¢counts for the cruft which is formed on 
the furface of flowing lavas, and which conftitutes fo remark- 
_ able feature in their hiftory. Were lava to congeal after the 
manner of pitch or wax, by an uniform and gradual increafe 
of vifcidity throughout, no cruft would be formed, or if, by 
the action of cold air, the upper furface were to harden a little, 
it might be foftened again by an influx of frefh matter a 
very little hotter than itfelf. In lavas, however, as we have 
proved, when the furface cools down to 21, it rapidly congeals 


toa hard fubftance, capable of refifting any heat under 30. The 
I, I 


cruft. 
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cruft thus fo ed ferves as a pipe, within which the flowing 
: ‘In feveral places on Etna we meet with vaft 
galleries, along which; and out of which, the lava has flowed, 


leaving the cruft entire *. 


_ Tue irregular manner in which a lava. flows, when® ot ex- 
tremely heated, may likewife be referred to the fame cafe. On 


the lower part of the running ftream a cruft is formed, fo ftrong 


as to retard its progrefs during a certain time, but the liquid 


_-behind, accumulating by degrees, at laft acquires fufficient 


ftrength to force open the cruft; the lava then flows out with 
rapidity, and continues its courfe till it is again retarded by the 
formation of a new crtft. | 


THESE experiments feem to eftablith, in a dire& manner, 


- what I had deduced, analogically, from the properties of whin- 


ftone, namely, that the ftony character of a lava is fully ac- 
counted for by flow cooling after the moft perfect fufion ; and, 


-confequently, that no argument againft the intenfity of volcanic | 


fire can be founded upon that character. We are therefore 
juftified in believing, as numberlefs facts indicate, 
nic heat has often been of exceflive intenfity. 

In the comparifon inftituted between whin and lava, the two 
claffes are found to agree fo exattly in all their properties which 
we have examined, as to lead to a belief of their abfolute identity. 
This identity has been fully eftablifhed by Dr Kennepy, who 
has performed an exact analyfis + of feveral of the very fpeci- _ 


mens of whinftone and lava mentioned in this paper; by which © 
he difcovered, that the elements of the two clafles are the fame: 
above all, that they both contain 4 or § per cent. of foda, Their 


agreement in this eflential circumftance feems to account for 
their common properties, whilft the varieties of proportion, 
among their component elements, correfpond to the flight dif- 


ferences 
* As at Malpertui above Piedimonte. | | 


+ Aw account of Dr KennEpy’s analy fis is publifhed in this volume. 
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ferences of refult we have obferved between 
the fame clafs*. 
So-clofe a affords a ftror 


Dr HuttTon’s fyftem, according to which both claffes- 
are fagpofed to have,flowed by the action of heat ; but the cir- 


cumftances under which they were expofed to this action being 
materially different, we have reafon to look for indications of 
that difference. Such are not wanting. 


- Catcareous fpar frequently occurs in whinftone, either in. 


veins or in detached nodules, but is never found in lava, and 
could not exift in a volcanic ftream; for heat, in fuch cir- 
cumftances, would infallibly drive off the carbonic acid, and 
compel the lime to unite with the other component elements of 


the mafs. In whinftone, which Dr Hutton fuppofes to have 


flowed, at fome remote period, in crevices of the earth, at a great 
depth below what was then its furface, the weight and ftrength 


of the fuperincumbent mafs of {trata t has been fufficient to 


refift 


* Tuoucs chemifts have hitherto siiriialeel in their experiments, the mode 
in which bodies were cooled after being reduced to a ftate of fufion; yet many re- 
fults, which we are now entitled to afcribe to flow cooling, have been occafionally 
obferved. The flag of a furnace bears a ftrong refemblance to what we have call- 
ed the liver cryftallite, and is probably formed in the fame manner. I have feena 
mafs poffeffing, in-a great meafure, the ftony charaéter of whins and lavas, which 
was produced in a lime-kiln by the fufion of an impure limeftone ; and Dr BEDpoEs 


has obferved a cryftallized texture in the flags of fome iron furnaces. I am informed, - 


that the celebrated Mr Ktaprotu has defcribed fome ftriking examples of cryftal- 
lization after fufion, which he obtained in expofing various ‘ to the heat of 
the porcelain furnace at Berlin. sy 


+ It may be afked, what has become of this faperincumbent mafs ; and by what. 


means it has been removed. Dr Hutton anfwers, that it has been gradually worn 
away during an immenfe courfe of ages, by the action of thofe caufes which conti- 
nue, under our. eyes, to corrode the furface of the globe,: That the folid parts, be- 
ing conveyed to the bottom of the ocean, are there depofited in beds of fand and 


gravel, which, in fome future revolution, being expoled to heat, may be again con- — 


verted into ftony 
THE 


‘ 


. 


pets ‘ ? 

. 
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| 

| 
| 
| | 
| 


68 EXPERIMENTS on WHINSTONE and LAVA, 


refift the expanfion of the carbonic acid, and to conftrain it, up- 
on the principle of Papins digefter, to continuegén combination . 
with the lime. This gompound feems to have entered readily 

into fufion, along with the whinftone, but to have kept feparate 


_ from it, as oil feparates from water through which it has been 


diffufed, thus giving rife to the fpherical form, which the no- 


dules of calcareous bs generally exhibit with more or lefs re- 


gularity 
Tuts circumftance accounts for an appearance which has mif- 
led fome of the early obfervers of our minerals. Many whin- 
ftone 
TneE whole of this fyftem appears to me well founded, except in what regards the 
removal of the fuperincumbent mafs, which has been performed, I conceive, in a 
very different manner. I am inclined to agree on this point with M. Patias, M. 
DE Saussure, and M. Dotomiev, and to believe that, at fome period very Te 
mote with refpeét to our hiftories, though fubfequent to the induration of the mine- 
ral kingdom, the furface of the globe has been {wept by vaft torrents, flowing with 
great rapidity, and fo deep as to overtop the mountains; that thefe torrents, by re- 


moving and undermining the ftrata in fome places, and by forming in others im- 


menfe depofits, have produced the broken and motley ftruéture, which the loofe 


and external part of our globe every where exhibits. 


In the Alps and in Sicily I have witnefled feveral of thofe curious facts, upon 
which M. pz Saussure and M. Dotomiev foun. their opinion, and which feem ta 
juftify their conclufions. I have likewife obferved, in this country, many pheno. 


-mena which denote the influence of fimilar agents. Lord Daar, who joins me 


in agreeing with Dr Hutton in almoft every article but this, has added great 


weight to the argument by fome general obfervations on lakes, and by fome 


very interefting faéts which he has obferved in the, Highlands of Scotland. We 

propofe to purfue this fubje@, and to lay the refult of our inquiries before the So- 
ciety. Dr Hutton, in the fecond volume of his Téecory of the Earth, has taken 
great pains to refute all that has been faid about thefe torrents ; but, in my opinion, 
their exiftence is not only quite confiftent with his general views, but feems dedu- 


‘tible from his fuppofitions, almoft as a neceflary confequence. When the ftrata, ac- 


cording to his fyftem, were elevated from the bottom of the fea, the removal of fo 
much water, if not performed with unacceuntable flownefs, muft have produced tor- 
rents, in all direétions, of exceflive ——, and fully adequate to the effects E 
have thus afcribed tothem. 


* THE modifications of the action: of heat, occafioned by preflure, which have 


been taken into account by no geologift but Dr Hurroy, diftinguith. his pst from. - 
all other igneous theories, 
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{tone rocks externally refemble very détoin lavas, but when 
broken are alwys found to be quite compact internally, and to 
tontain numerous round nodules of calégreous fpar. Near the 
furfaces the nodules, being wafhed out by rain, have left the 
cavities which, have given rife to this deception. The fpherical 
form of the air holes in lavas, and of the nodules of calcareous 
{par in whins, feems to have been produced by a caufe common 
to both, the mutual repulfion of two fluids intermixed, but not 
difpofed to unite. 


It mutt be owned, that this theory of calcareous fpar iS as 
yet hypothetical ; but it is fupported by ftrong analogy, and 


promifes to be of fervice, by leading to decifive experiments and 


obfervations. I cannot help believing, that, by a careful exa-— 


mination of the volcanic countries, facts may yet be difcovered 
which will throw light on this fubject. In order to promote 
and direét fuch refearches, I fhall beg leave to ftate fome obfer- 
vations which I made in thofe countries in 1785, before I was 
attached to any fy{tem of geology. 

Ir is generally fuppofed, that fome lavas of Etna contain cal- 
careous {par and zeolite; but this I conceive to be a miftake. 
‘It is true, as I have feen, eat many rocks of Atna contain thefe 
fubftances in abundance; but in my opinion thefe rocks are no 
lavas, but have flowed fubterraneoufly like our whins, and are the 
fame with them in every refpect. A particular diftrict of tna, 
comprehending the Cyclopian Ifles, and the country round La 

Trezza, and the Caftle of Jaci, is decidedly of this defcription ;. 

_ and veftiges of the fame kind occur in other parts of the moun- 
tain. Inone place foffile coal has been found,.and in another we 
faw marine fhells. In the neighbourhood of Bronte we obfer- 
ved a high ridge formed of ftrata of fandftone and limeftone,. 
partly overflowed and concealed by recent lavas, but. fo. placed. 
_as to render it evident that its continuation formed no inconfi- 
derable part of the mountain. Thus, tna being, compofed,, 
partly of the flooeexragconerye and partly of the external produc— 
tions: 
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tions of fire, may be expetted to afford numberlefs opportuni- 
ties of purfuing the comparifon between thefe tyyorclaffes *. 

_A Most interefting {cene for fuch a comparifon occurs like» 
wife on Vefuvius. The hiftory of this volcano is fimpler than _ 


that of for it has been evidently formed, with alk its-ap- 


pendages, by the continued action of external eruptions, which 


have raifed it, at fome*remote period, from the bottom of a fea, 


occupying all the Campi Phlegrzi, and wafhing the furround- 
ing Appenines. The whole volcano feems once to have con- 
fitted of a fingle large cone, the greateft part of which has funk 
during fome violent eruption, probably that which took place 
in the time of PLiny, leaving a fragment of its bafis, now call- 
ed the mountain of Somma. This fragment retains its original — 
fhape ; and on the fide-fronting the towns of Sommia and Ota- — 
jano, the external conical furface, along which the ancient lavas 
had flowed, is ftill entire. Fronting the centre of the cone, 
Somma breaks off abruptly, and prefents a vertical cragg, 
fome hundred feet in height, which is concave inwards. 
From the gulf, produced by the ruin of the ancient moun- 
tain, though not exactly from its centre, have arifen the ex- 
plofions which, by repeated accumulation, have formed the 
prefent cone of Vefuvius. Next the fea, this cone has extend- 
ed itfelf fo as completely to cover all remains of the ancient one, 
forming a continued flope from the crater to the foot of the 
mountain. On the oppofite fide it meets the bafe of the craggs 
of Somma, and forms an angle, into which many fucceflive 
ftreams of lava have flowed, producing a narrow horizontal val- 
ley, in the form of a crefcent, called the Atrio del Cavallo. 
From this valley the craggs of Somma prefent a complete view 


of the internal ftructure of the ancient mountain, correfpond- 


ing, in moft things, to what. might have been fuppofed. 
THE various fubftances, depofited fucceflively on the external 
furface of the ancient cone, being cut viertoser: A in this cragg, 


their 


* M. Dotomieu has obferved this diftin@tion ; but fuppofes that the maffles which 
we conceive to have flowed {ubterraneoufly were erupted at the bottom of the fea. 
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their fucceflion is diftinétly feen, the feGtion of each ftratum 
prefenting to the view part of a horizontal circle ; the whole 
confifts of alternate layers of thin ftreams of lava, ad very thick 
beds of loofe frothy rapilli, which laft being thrown into the 
air in. _arfoft {tate, had fallen in fhowers on the fides of the 
‘mountain. 

In various places the regularity of this arrangement is in- 
terrupted by certain vertical lavas, from two feet to ten or 
twelve in thicknefs, which crofs the ftrata juft defcribed in an 
irregular manner, and pafs upward, without diftinction, through - 
the folid beds, and through thé@loofe ones. It immediately 
occurred to us*, that thefe lavas muft have flowed in fiffures 
of the ancient eamipeatin’ and we accounted for them by fup- 
pofing, that a melted ftream, flowing along the external furface, 
had met in its courfe with one of thofe crevices which are 
- formed in all great eruptions, and had flowed into it fo as to 
return again into the heart of the mountain. This conjecture 
very nearly agrees with thofe advanced by M. Dotomigu, and 
by M. BreisLack, who both ; mention thefe vertical lavas of 
Somma 


I HAVE fince heen induced to confider this phenomenon, | 


which formerly feemed to prefent only an amufing variety in 
the hiftory of volcanic eruptions, as of the utmoft confequence 
in geology, by fupplying an intermediate link between the 
external and the fubterraneous productions of heat. I now 
think, that, —— we judged amas in believing thofe lavas 


* I saw this place in company with Dr I. Bite in 1785. 


+ M. Dotomrev conceives thefe lavas to have flowed over the lips of the crater,. 
(Ifles Ponces, p. 100. )';, M. BREIsLAcK, that they had firft filled the open cavity. 
of the crater, and from thence had flowed into crevices formed in its fides, “ che 
“ una lava avendo riempita la cavita del cratere fi foffe infinuata per quefte fendi- 
“ture,” (Topografia Fifica della Campania, p. 115.). This laft mentioned work,. 
publihhed in 1798, contains many interefting and accurate defcriptions. Should the: 
circumftances of the times permit, the author will have it in his power to follow out,, 
with every advantage, the hints I have fuggefted.. - 


to. 
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to have flowed in crevices, we were miftaken as to their direc- 
tion ; for inftead of flowing downwards, I am convinced they 
bitve. flowed upwards, and that the crevices have performed the 
office of pipes, through which lateral explofions have found a 


vent. This will appear in the higheft degree probable, when - 


we attend to the known hiftory of volcanic eruptions. It gene- - 
rally happens, that the lava begins to flow from the fummit, in. 

confequence of the crater being filled with liquid matter up to 
the brim. At that moment the bafis of the mountain muft 


be prefled outwards by a very great hydroftatical force, equal 


to the weight of a column offliquid lava as high as the moun- 
tain itfelf. It is natural then to expeét, that this preffure, 
affifted by ftrong percuflions of explofion, fhould lacerate the 
body of the hill, and form great rents. The lava, urged up- 
wards by the fame preflure, would flow through thefe rents, 


and emerge at the furface with violence. The difcharge would 


continue through this channel till the propelling force had cea- 
fed, when the rents would be left full of lava ; which, cooling 
in that pofition, would produce vertical lavas, fuch as thofe 
of Somma. This fuppofition is confirmed by various pheno- 


* mena: The lava ceafes to flow from the crater as foon as a la- 


teral eruption has begun ;, when it rufhes with fuch violence 
from the fide of the mountain as to fly to a great height into 
the air, like a jet d’eau ; and it often makes its appearance, 
in the fame inftant, at various mouths, which are-not {cat- 
tered at random, but placed in one continued line, indicating 
the difcharge from arent. Some circumftances likewife, which 
I obferved on a clofe examination of the vertical lavas, indi- 
cate that the crevices had performed the office of pipes.  Fre- 
quently the fubftance at the middle differs from that on 
each fide, whilft the fides refemble each other exa¢tly. I explain 
this, by fuppofing that the lava, which had firft flowed through 


| the pipe, and had coated its fides with folid matter, had been fol- 


lowed 
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lowed: by. a 
ed there,on | ne cooling .of the..whole. . In one. cafe, I found. 
lava on. each. fide, and, in the middle tuffa,. which is generally. 
fuppofed to-have been erupted in the ftate.of watery mud. In 

another,. the-fubftance in immediate contact. with the -moun- 
taimis.yitreous, the reft being common Java, ‘This is fully ex- 


plained by our. experiments, if we. the’ to 


flowed intd a cold crevice. . 


Fo. apply thefe obférvations tc to hiftory. of the: 
globe: ‘It,is. evident that the vertical lavas bear the-clofeft, re- 


ip point of of. every.defcription, 
| tad chich, ~apvording to “Dr have hy 
means, of fubterraneous heat. The veins, or dikes, (as they are 
called), of, whinftone, which fo commonly occur in this country, 
differ fromthem inno circumftance which I had the means of 


obferving.,- It is therefore. natural to. expect ‘that, “Gf examined 
with particular: care, their agreement will be found complete. Of 


this, :} we mutt not form too-fanguine expectations ; for 
| though, the vertical Javas of Somma have undoubtedly fuftained 


the preflure of a great. fuperincumbent, mafs, we have no proof 


that this force was fufficiently ftrongyas Dr Hutton fuppofes 
was the cafe: in whinftone,, to reprefs the volatility of carbonic 
acid. On ch 


the degreegf force requifite-for this purpofe, we have no proof 
that it has been too weak. All the veins of Somma I examined 


were abfolutely compact, except one which was full of pores. I 


am wnable-to determine whether this was the real porofity of a 
lava, or whether, as in our whins, it arofe from the removal, 
near the furface, of nodules of ‘calcareous fpar. Granting that 


_thefe pores were real air holes, the circumftance + was peculiar to. 
that fingle“ftream, and may have been owing to an inferiér de- 
preflure ; for, 3 in this we have reafon t to for 


PART K the 


ream. fomewhat different, which. 


the other hand, as we are yet entirely i ignorant of 
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the greateft diverfity. ‘Some vertical ftreams muft have flowed 
while the mountain was yet low; others may have found vept 
at a low level; in both which cafes, the preffure would be 


_ feeble : hens other ftreams, communicating with elevated 


lateral eruptions, would fuftain, in their lower parts, full 


-a¢tion of deep columns of liquid lava, and may be expected 


to exhibit the effeéts of great preflure. Should any future tra- 
veller be fortunate enough to meet with a nodule of calcareous 
{par in a lava, occupying the crevice of a mountain formed 
by undoubted external oe all that has been faid of the 


effects of preflure would ceafe to be hypothetical, and this fun- 


damental article of Dr Hurron’s: would eftablifhed 


beyond difpute. 


[HAVE now examined the relatjon’ 
lava in various points of view; and the ‘refult of ‘the invefti- 


_ gation, by fhowing the intimate conneétion between ‘the two 


claffes, tends ftrongly to confirm the ideas of Dr Huron. I 
flatter myfelf, likewife, that the experiments, independently of 
the general views of: geology, are of fome value, by account. 
ing for the ftony charaéter of lavas, and thus enabling us to dif- 


_penfe with the various myftical fuppofitions which =e of ate | 
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IV. A CHEMICAL ANALYSIS SPECIES of Wutn- 


STONE, ad Two of Lava. By KENNEDY, M. D. 
F.R. & F. 


N the sth of Auguft laft, I announced to the Society that — 
| I had; difcovered foda in feveral varieties of the whin- 
- ftone * of Scotland, and alfo in lava from Mount £tna; but did 
not defcribe the various experiments to which. thefe -fubftances 
had been fubjected in my examination of them, In the follow- 


ing paper, therefore, I have the honour of- wre an-account of 


( 


Bafalt of Stafia. 


‘ 


THE fpecimen of this bafalt, fabmitted to the ana- 
_lyfis, was given me ‘by a ‘gentleman, who brought it himfelf 
from the celebrated: bafaltic columns in Staff. A defcription 
of its external mineralogical charaéters. may be found in Sir 


James paper, 55: of this. — to: beg 
leave to refer. 


* THE name is ‘ufed ‘hroujtiout this paper ina generic fenfe, compre- 


 hending bafalt; trap, certain kinds of and other of 
the argillaceous clais. 


v 
[ Read, December 3 1798. | 
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Tats bafalt, though reduced:to fine powder, does not effer- 
‘vel with acids, The colour of the powder is greyifh, and 
when wet greenifh. By being expofed to a low red heat, the 
colour of the ftone is changed to brown. | It is not attracted by 
the magnet, in) its or after heaped red 

hot. 

Ins in. diftited.. water. at tempera 
ture of 60°. of FAHRENHEIT, I found to be iy 

SomE {mall pieces. ‘being expofed, to a low red heat. for half 
an hour,, loft 5 per cent. in weight ; and when the ftone re- 
duced to. powder, and heated xed hot, the lofs was the fame. 
I alfo exathined the effects of high’ héat-on it, -in.the following 
manner. Having made-fome fimall crucibles. of the -porcelain 
clay of Cornwall, which I ufed onaccount of its great. purity 
and infufibility;'I baked; them in pretty, ftrong fires, generally 
above 100 of WEnGwoop. As foon-as. they were cold, they 
were each exactly weighed. Ai portion of the bafalt in. frag- 
ments;alfo weighed, being put into one of thefe fmall crucibles, 
and. a pyrometer ixto.another of the fame, fize, both were pla- 
ced. in-a Heffian flat cover, alfo: made of the 
porcelain clay, was daid, each. and then.a lid was careful- 
ly luted on the Hefhian crucible ,with: clay and fand. The ap- 
paratus thus. prepared, was ‘next fet into.a furnace; and the fire 
being raifed gradually till it appeared to have attained the 
pitch defired,,it'was kept as equal as poflible;for about am hour. | 
The {mall crucible, and the melted. bafalt it. contained,. being 
weighed as foon as cold, it was eafy to determine’ how much. 
weight was loft. | 

this manner, fome of the bafalt was. ‘expofed to a heat of 
72 of ‘WEDGWOOD,’ av which’ it was vitrified,’ and. loft exactly: 
the fame ‘Weight asin a ‘Tow red heat.’ At 160 the effets wére 
in every refpeét the fame ; 3 the’ lofs not being greater in that in- 
tenfe fire. {mall in which the pyrometers, had 

been: 
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been placed, did im: ‘hele tote the 
weight. © sharoq sift Yo djiw. 
THE matter by heat is» partly water, 


as the following experiment thow#: I’put half a/pound ‘Troy of 


the bafalt in fragments; into: fmiall Wapowoon. retort;; and 
luted to it a receiver, into an aperture of which was fitted one 
énd glafs tube, ‘the -other end being adapted: to: a: pheuma- 
tic apparatus. The retort was then heated flowly to rednefs, 
and kept moderately red hot fortwo hours. In the receiver 
water waé'condenfed. . Some’pas paffed overs but I 
could not afcertain with precifion either ite: ‘quantity or ite na- 
ture; as it was mixed with the air of the receiver. T-have not 


made farther experiments on the volatile ‘matter. contained in 


whins ; ; but it deferves to be examined withvattention. 

“Tats: bafale being expofed to heat in a bated was Lecce to 
foften at 38 of WeEpGwoop*, 

Some of it being reduced td fine was. Boiled in 
ty times its weight of water fot half an hour.’ After filtration 
the water wag examined with ‘different chetnical tefts, but gave 

ho precipitate with any, except a flight cloud ‘with hitrate of 
filver; and a portion being evaporated to left 


ftreaks on the bottom of the glafs. 


Havine thefe I proceed to dettribe 
analyfis, 
ONE prains of the bafalt; to fine powder 
ina a Wepcwoon mortar t were mixed, ina fmall with 
* Tue fafibility of this, and the other fubftances to be afterwards mpintionl, | 
I examined with Sir James Hatz. For this purpofe;. ‘a {niall piece of ‘each ‘was 
placed, with a pyrometer as near to it as poflible, in an, ope muffle previouily heat- 


ed to rednefs. It could, thus be feen perfectly during the operation, and the fire he- 
ing raifed, as foon as it was found to be foft, when prefle ed flighty” by an iron \ £04, 


the degree of heat was afcertained by meafuridg the ‘pyfometer. 


+ mortar I ufed was not feratchied any of the or lavas mentiont 
in this paper. 
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1200. grains of tmuriatic acid; and a receiver being adapt- 
ed, the’ ‘mixture was gradually heated till it boiled. It was at 
firft of a brownifh-yellow colour, but afterwards became brown- 
ifh, Part of the powder was diffolved. To diftill off ‘the un- 
combined acid, the heat was continued ‘tll the ‘mixture began 
to grow thick. ‘Tr was ‘then diluted with boiling diftilled ‘water, 
and poured on a filter; and the undiffolved part, after proper 
edulcoration, being dried and heated red hot a Ae oo 
weighed 674 grains, and was greyith-white. 
2. THE filtered’ folution was of a faint yellowith-brown co- 
lour. Being faturated with cauftic ammonia, a bulky precipi- 
tate was thrown down, which was carefully feparated by filtra- 
tion. It had at firft a dirty greenifh-colour, which was after- 
wards changed to brown by the action ofthe ai, 

. THE folution, after being: freed from this precipitate, was 
colouflefs abd ttanfparent. ‘dropt into it a {mall 
quantity of fulphuric acid,’ which produced no cloud ; confe- 
quently’ the folution contained: neither barytes nor \Rerbuitia.. Tt 
was then evaporated to’a ‘fmall quantity, and treated with car- 
bonate of ammonia, . Some white earth was thrown down, ap- 
parently carbonate’ ‘of Time,’ which after’ being’ wathed, 
and héated red hot a few whinutes, weighed 6+ grains. 

“4 Tre ‘infoluble refiduum, No. 1. which weighed 674 grains, 
I mixed in a. filver crucible’ witha folution of cauftic potafh, 
containing ‘as mich: alkalt as was ‘equal to twice the weight of | 

‘ m. his my. ct are, “being evaporated to drynefs, was. 
expofed for one hour to a’ ‘ted heat, in which it melted. When 
cold, ‘the’ ‘was 'preen. ‘After being’ foftened, and wafhed 
out of the Chidible with ‘boiling diftilled » water, ‘it was fuperfatu- 
rated with miiriatic ‘acid, by Which the | greater part was diffol- 
ved. “"Phis 1 being then evaporated to a fmall quantity, 
became’ gelatinous. ‘It’ was néxt diluted with water, digefted, 
and fileered. Some files remained on the which, after 


proper 
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proper wafhing, bein 8 dried, and heated red, hot. a quarter, of an 
hour, weighed 43 grains, and was perfectly white. “To. ‘earn; whe- 
ther this filex was free from every other earth, I mixed a part of 


it with four parts of carbonate of foda, and melted the mixture 


in a filver crucible. “Water, being poured on the: melted mals, 


diffolved it entirely into a liquor filicum, which was. diluted 


largely, and faturated exactly with an acid. . No. precipitate ap- 
peared, even after fix or r eight slays; ‘therefore, thelr, 4 3: grains 
were pure filex. | 

5. TuE folution, No. 4 (from | which the flex had tea fepa- 
rated), was of a light greenifh colour. Cauttic ammonia, when 


poured into it, threw down a brownith precipitate. Having 


carefully feparated this precipitate, and. wathed it on a filter, I 


_ dropt into the remaining folution,. which was now. colourlefs 


and tranfparent, a {mall quantity of, fulphuric, acid, i in, order to 


dete&t barytes: or ftrontian, No precipitate was, formed, The 


folution was then. evaporated to.a dmall quantity, and ,treat- 


ced with. carbonate of ammonia, by. which a fecond portion of 
carbonate. of lime was obtained. hts eight, after. being heated 


red hot, was 93. erains. to otanod 


6., THE brownifh: precipifates,, thrown. down, f from the folu. 
tions No. 2.and 5; by.cauftic ammonia, had ‘the appearance 


-argil mixed with iron. To feparate the argil, thefe precipitates | 


were mixed. together, and, boiled, while ftill moift, i in a folution 


of cauftic potath, in a filver crucible, A part was. diffolyed ; 


but a fpongy matter remained, of ad darker, brown. colour than 
at firft, which was colleéted ona filter. Mg 


SLO 1: 


the canftic-alkaline {lution I poured fulphuric acid, 


a 


foda._ ‘The: argil. was precipitated being. fiafficiently 


wathed, was. tediflolyed in dilyted fulphuric acid. ,This folu- 
tion was then mixed with: fome acetite. of. potafh, and gave, by 


fucceflive Svaporations, finall of. alum, , ‘At 
it 
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it Became gelatinous; and being evaporated:to drynefs, and di- 
lated again with water, 1 grain of filex was left. The remain- 
ing folution produced, to the laft drop, cryftals.of alum*. I 
diffolved 'thefe cryftals in water, and. precipitated the argil 
by carbonate of ammonia. After being carefully. -wathed, 
dried, and. heated chistes hot a quarter an hour, it weighed..12 
grains, | 

THE matter, No. 6. infoluble in potaib, 
feemed to be oxyd of iron; and after having been heated red hot, 
weighed 24! grains. powdered this mafs, and poured.on it 
fome acetous acid, in order to deteét magnefia; but nothing was — 
— diffolved. It was next treated with nitric acid, which diffolved 
the iron, but left 4 grains of filex. The iron being precipitated, 
dried, and heated red hot, weighed 20 grains, and was magne- _ 
tic. Sufpecting that fome argil might ftill be mixed with it, — 
from having efcaped the action of the cauftic potafh, I diffolved 
5 grains in muriatic acid, and precipitated the iron by Pruffian © 
alkali. Having feparated the blue precipitate, I boiled the folu- 
tion with carbonate of foda, and obtained 1 grain of argil. 
Thefe 20 grains confifted, ts of 16 grains of i and 4 
grains of argil, 

THE remaining part of the i iron was melted for an hour, with 
ten times its weight of nitre, in order to dete¢t manganefe. The 
mixture, however, when cold, was not greenifh; and water 
made a colourlefs folution of the faline matter, which did not 
become turbid, when expofed. Some vars to the action of the 

Tis. 9- Tue 


* Tr therefore contained note of the ‘earth which difcovered, 
and to which he has given the name of glucine: 

+I THINK, however, it is probable, that this bafalt contained a {mall quantity of 
manganefe, both from the brownith colour of the folution, No. 1. and from the 
green colour Which the undiffolved refiduum gave, by fufion, with cauttic dans 
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- g. THE two portions of white earth above mentioned, which _ 
feemed to be carbonate of lime, weighed together 16 grains. 
To feparate magnefia, if any were mixed with this earth, I put 
it into a little water, and added fulphuric acid till flightly in ex- 
cefs. Sulphate of lime was produced. Having poured fome 
alkohol into this mixture, I filtered it, and wafhed the fulphate 
of lime with more alkohol diluted with water. The filtered li- 
quor was then boiled with of but no 
was precipitated. 

THESE 16 grains were éf lime, which, 
according to Mr Kuarrotu’s calculation, about 9 were 


ONE hundred parts of the bafalt of Stal contain, scconding | 
to the above analyfis : | 


Silex,  - (No. 4 7. and ial | 48° 


Oxyd of iron, - (No.8), 
Lime, - (No. 9.). - 
_Moifture, and other vol. matter, - 


‘THE fum is 94 parts ; : confequently is a Jofs of af 

cent. 
Asour a year ago I analyzed fpecimens of fome of the 
in the neighbourhood of Edinburgh, and found, that the fum 
of the earths and iron, feparated: by the analyfes, never amount- 
ed to more than 93 or 94 per cent. ; fo that the lofs was 
always equal to that juft mentioned. om was this circumftance 
which firft led me to fufpect that fome faline fubftance exifted - 
in 
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in thefe ftones ; and their favoured the 
fufpicion. 
Soon after thefe analyses were made, another 
cumftance, which amounted to an abfolute proof of the whins 
containing fomething of a faline nature, in combination with 
their earthy bafes. Moft of the artificial cryftallites, : made by 


Sir JAMES Hatt, which I had always. an opportunity of exa~ 


mining, threw out, on their furfaces, two or three weeks after 
their formation, a white eflorefcence, which had a yery fale 
tafte. It was in, too fall quantity t to be collected and ¢ exami- 
ned ; but when wafhed off, it was often formed a fecond time, 

I was thus convinced of the exiftence of fome faline fub- 


ftance in thefe bodies, and made different experiments | with fe- : 
veral of them, in. order to feparate it, and afcertain 3 its $ nature ; i 


and foon found that it. was fodaa . . 

I SHALL next deferibe. fome of the methods by this al. 
kali was moft from the pares of. the 
whins. 


Experiments to the Soda, and mile its 


Havine fome of the bafalt of Staffa to final 


ments, I weighed 400 grains, and ground the whole with water 


to an extremely fine powder, i in a WEDGWwooD mortar. The 
powder, and the water with which it had been ground, were 
-then put into a finall retort, and mixed with about 1200 grains 
of fulphuric acid, which I had carefully diftilled for this ope- 
ration. I placed the retort in the fand bath of a fitall furnace 


which I ufe for analyfes, adapted a ‘receiver, raifed the fire ti 


the acid began to diftill flowly, and carried on the diftillation 
to drynefs. ‘Water was then poured into the retort, and boiled, 


the mixture thrown on a filter, and the undiffolved refiduum 


fufficiently wafhed. This refiduum was next treated a fecond 


| 

| 

| 
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time with a frefh portion of fulphuric acid; and afterwards 
boiled with water, filtered and wafhed, exactly in the fame man- 


ner as before. The undiffolved part of the ftone ' was now al- 
moft white. 


filtered folutions being mixed were evaporated 


to drynefs; and the faline mafs which remained was heated red 


hot for one hour in a clean and new Heffian crucible. When 
cold the mafs was of a brick red colour. Having powdered it | 
well, I boiled it in water, poured the whole on a filter, and 
wafhed the reddifh matter carefully. This filtered liquor, in 


which all the foda, feparated from the bafalt by the fulphuric 


acid, was diffolved in the ftate of fulphate of foda, could contain | 
only a {mall quantity of earthy matter; for the greater part of 
the fulphate of argil, and of iron, formed by the firft part of 
the procefs, muft have been decompofed by the red heat, to 


which the mafs was afterwards expofed. Accordingly, the fo- 


Jution being treated with carbonate of ammonia, only a {mall 


quantity of a precipitate was thrown down, which was careful- 


ly feparated. The folution was then evaporated to drynefs. A 
faline mafs remained, confifting, in part, of fulphate of ammo- 
nia; to feparate which the whole was expofed to heat in a fmall — 

cxstibies and when it ceafed to emit fumes, the heat was. increa- 


fed to rednefs. A fixed white falt was weighed a8 | 


grains. 


THIS falt I redifiolved in water, added of am: 
monia, and heated the mixture till it boiled. A fmall quantity 


of an earthy precipitate was. again. thrown down, which being 
-feparated by filtration, the folution was.evaporated to drynefs, 


and the falt which remained, heated red hot a fecond time,. By 
thefe fucceflive operations, all the earthy matter, at firft diffol- 


ved, was feparated.. The falt now weighed 23 grains, andhad 


all the properties of {ulphate of foda. Thee properties were 


the following :. 
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1. Ir was not volatile in a moderate red heat. 

2. AFTER being thus dried, it diffolved readily in about fix times 

- its weight of water, at the temperature of 60 of FAHRENHEIT. 
3- Tuis folution gave, by evaporation, cryftals exactly the 

fame in form as artificial fulphate of foda; and thefe rate 

eflorefced in dry air. 


4 Apart of the folution of this falt being boiled ikea 


bonate of foda, gave no precipitate 5 a bak gid woes it contained 
no earthy matter. - 

Some ‘of the folution being mixed with. a very fo- 
Jution of acid of tartar, temained the falt therefore 
contained no potafh, 

6. Some of the falt being diffolved i in was 


by nitrate of barytes; and the fulphate of barytes produced was 


_ feparated by filtration. The nitric acid, thus united to the al- 


kaline bafis, formed a faline compound, which, in the next place, 


was mixed and deflagrated with charcoal. By washing the 
-coaly refiduum, and evaporating the water, | obtained pure car- 
bonate of foda, which efflorefced readily inthe air, —/ 

_ ‘Turre-can be no fufpicion of the retort which was ufed fur- 

nifhing any part of the alkali; for I weighed it previoufly in a 

balance of great accuracy ; sid after the operation was finifhed, 


found its weight exactly the fame as at me and the luftre of : 


the glafs altogether unimpaired. 


Tux whin which I next fubmitted ta examination, for the 
purpofe of feparating the foda, was taken from a quarry near 


the Water of Leith*. I ufed:a confiderable quantity, 800 grains; 
which were. diftilled twice with fulphuric acid, and then treated. 
in every refpe@ exactly as the preceding, The fulphate of foda 
obtained, smounped, to 43 


* Tats {pecies is the firft mentioned in Sir James Haxu's paper. When pow- 
dered, it effervefced flightly with acids. Idid not analyze it ; but, in the courfe of the 
procefs for deteting foda, one of the earthy precipates proved, upon examination, to- 
be magnefia, It is the only whin in which I have found this earth. 


| 
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I AFTERWARDS fubjeéted fome other whinftones to.the fame 


kind of ‘Procefles, and in each fpecies found :foda.’ The. nitric 


and muriatic acids alfo diffolve a certain quantity of ‘the alkali 
contained in thefe their adtion i is. than 
that of the falphuric ‘acid. 

By the now defcribed, there were. 
100 parts of each of the whins, between five and fix parts of © 
fulphate of foda, which may be equal to two or three parts of 
pure foda. But as thefe:two-or three parts, when added:to the | 


-fum of the earths and iron, did not account for.the lofs of 6. or : 


7 per cent. always obferved in my analyfes, I was fatisfied that 
Ae whole of the alkali was not obtained by the: pracefles which 
were followed ; even although, in that with the whin from the 
Water of Leith, it had been expofed, in very fine powder, to. the 
action of the fulphuric acid, at a boiling ‘heat, for more than. eigh- | 
teen hours. It appeared neceflary, therefore, to try other methods; 
and after fome confideration it occurred: to me, that if the pow- 


dered whins could: be expofed, while red hot, to the vapours of the 


fulphuric’ acid, alfo in a red hot ftate, ‘its power in feparating 


the: whole of the alkali from the earthy bafes of thefe fubftances, 


would probably be greatly increafed in fo: high a temperature. 


‘I fucceeded in applying a red heat both to the powdered ftone, 


and to the acid at the fame time, by the following micans. 

Some of the bafalt of Staffa being mixed, in very fine pow- 
der, with three parts of fulphuric™ acid, the mixture was evapo- 
rated: flowly to drynefs in a fand bath. ‘The dry mafs was then 
heated gradually to rednefs, and kept in the fire for one hour. 
It was next powdered, and boiled in water; and the water being 


i filtered, was treated with carbonate of ammonia, which threw 


down a {mall quantity of a brownith precipitate: After fepara- 
ting this precipitate by filtration, the liquor was evaporated to 
and the of foda, which was was purified 
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in the manner. already and red hot. 


ed. 

In this acide was firft ‘united to a part 
of the lime, of the argil, and of the iron, contained in the ftone; 
and afterwards, when the mafs was expofed ‘to a ted heat, the 
_ acid was driven off party or wholly from thefe, and applied in 
red hot vapours to every part of the powder; by which its ac- 


tion appears to have been rendered much ‘more powerfal, asg 


per cent. of fulphate of foda was produced: and by the fame 
procefs, fo fimple and eafy to execute, I got from the reft of 
the fubftances, to be mentioned in this paper, ffom 8 to 11 per 
cent. of falphate of foda, although, when the were merely boil- 
ed in the acid, the quantity of this fale never exceeded: 5 or 6 
per cent, 

As the proportion’ of acid and alkali ; in neutral falts has not 
been hitherto determined with certainty, the quantity of foda 
in thefe whins cannot be exactly known. But it is probable 
that. g parts of fulphate of foda, dried by a red heat, do not 
contain lefs than 34 or, 4. parts. of, pure alkali * ; which mutt 
therefore be confidered as the weight in. 100 parts:of the bafalt 
of Staffa: and as 3% or 4. parts, of foda, when. added to the fum 
of the earths.and iron, amount nearly to the 100 parts of the 
ftone employed im: the analyfis, this. calculation may. | be reckoned 
very near the truth. For the fame: reafons I think ir likely, that 
the greater part, or the whole of the foda, was obtained from the 
bafale by she procefs he been laft decribed, 


that he made fome experiments on zeolite ; by which he con- 
that foda into the of that fub- 


* is the proportion Mr 


- 
. 
| 
} 
> 


ftance He has not mentioned the tirewmftance inany. of his 
works; but Dr BLack has been accuftomed, ‘as he informed*me ~ 
himfelf, to take notice of it in his lectures on chemiftry, for 

many years. It is my intention to analyze fome fpecies of zeo- 
lite ; and if the’ 'refults: feem of 


AMONG a‘ on this bafale of ‘Beaffa, pont 
feribed, it has been obferved, that, when the powder was boil- 
ed in water, a flight precipitate was produced in the. water by 


nitrate of filver, thus ‘indicating fome traces of muriatic acid. 
‘As it appeared of importance to determine how much of this 


acid the bafalt contained, I — —_— of it to examination 


for that purpoft. 


Experiments to afeertain ibe ‘Quantity of Mariatic Acid i in the Ba- 


Salt of Staffa. 


- One hundred grains of the ftone, in fine bovided: were mix: 
re in a fmall retort ‘with fome’nitric’ acid ; and a receiver being 
adapted, the mixture was boiled gently, till the greater part of 


_ the acid had diftilled over. The liquor in the receiver being 


examined with nitrate of barytes, remained unaffected ; but 
gave’a fli ight cloud with nitrate of filver, orem ay Ais that i it 
contained fome muriatic acid. 729 

Tue mafs in the retort being diluted: with v 


was filtered ; and this filtered liquor produced no cloud with 


nitrate of barytes, but gave, like the ahead) a Might precipitate 

with nitrate of filver. 
* In the 26th volume of | the Annales de Chimie, p. 119. M. Scuersr, in a letter 

to Van Mons, fays, that he was informed by Dr Brack, that Dr Hotton had, 


long ago, found pota/d in zeolite. In this ftatement M. ScuEger is incorrect; be- 
caufe it was foda, as above mentioned, which Dr Hutton obtained from that fubftance. 
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In de next: place,: the undiffolved refiduum was 


twee its weight of very pure cauftic potafh, and expofed. to a 
low red heat, for an hour, in a filver crucible. The mafs was 
_ then diluted with water, fuperfaturated flightly with nitric acid, 
and filtered. With this folution nitrate of barytes produced no 
effect ; confequently, thefe experiments fhow, that the ftone in 
quettion does not contain any traces of fulphuric acid. With 
nitrate of filver, however, the folution gave a white precipitate, — 
more abundant than the two preceding. The different portions 
of muriate of filver, being collected, and dried on a fand bath, 
weighed only 4 grains. 

_ As a fourth part of muriate of filver confitts of anid. eked: 
ing to the moft correét experiments hitherto’ publithed, thefe 4 
grains confequently indicate, in 100 parts of this bafalt, only a- 
bout one of muriatic acid. All the whins and lavas, to be men- 


tioned in the remaining part of this paper, were found, by a fi- _ | 


milar to contain about the quantity. 


Accorp1n¢ to the refults different there are; 
perm of che rata, 


_ Oxyd of iron, - - - 16 
Lime, - - - 
Moitfture, and other vol matter, - 5 
Soda,about - - 4 
Muriatic acid, about 1 
99 


_ I wave thus detailed exaétly the various experiments per- 
formed in analyzing this fpecies. As all the other whins, and 
the lavas, which follow, were ‘analyzed | in the fame manner, and 

Pa RT I, M exhibited 
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exhibited nearly the Sime chemical properties, the tefaks only, 
in each fhall be | 

ANALYSIS 

Whin of Sali Rock. 


THe employed was chofen the fide of 
the cragg, and was perfectly hard and ftee from decompofition, 


the particular fpot from which it had been 


afhort time before. 

A DESCRIPTION of its external charnGere may: be Found in 
‘p. 54. of this volume. Its powder 1s light greenifh-grey ; but 
after being wet, acquires a dirty green colour. When ‘heated 
to rednefs, it becomes light brown. Though ‘not attraéted by 
the magnet in its natural flate, it becomes magnetic ‘after being 
heated red hot . It does not effervefce with acids. ‘When expo- 
fed to a low red heat for half an hour, whether in fragments 
or in powder, it lofes 4 per cent. in weight. It foftens at $5 of 
WeEpDGwoop. Its fpecific gravity is 2.802. After being boiled, 
in the ftate of fine powder, in ten or twelve parts. of muriatic 
acid, tle infoluble refiduum amounted to 65 per cent: 

I ANALYZED 200 grains of this whin, and found na it con- 
tained, in 100 parts, 


Oxyd of iron, - 
Moifture, and other vol. matter, = 4 
Muriatic acid, about eee I 


ANALYSIS 


of 


ANALYSIS 
Whin of Calton Hill, near ‘Edinburgh. 


THE rock of this Bill varies much i in different parts ; 5 af ae its 
general character is that of porphyry. The piece I chofe for 
analyfis was taken from the fouth fide, about ten or twelve feet 
below its higheft point ; and was free from calcareous {par, 

THE external characters of this particular piece are as fol- 
low: Jt confifts of a greyifh bafis, containing rhomboidal cry- 
ftals of felfpar of a light reddifh-brown colour ; and fmall {phe- 
rical maffes of green earth. The bafis, in its fradvure.1 ig uneven, 
and earthy, and has no luftre, It can be fcratched eafily with 
a knife, and gives an earthy {mell when breathed on. The 
green earth is foft,.andis affected in fome degree by water ; 
and being decompofed by the weather, as well as the veins and 

nodules of calcareous fpar, which are very common in this hill, 
the rock in many places is extremely porous. | 

Tue. fpecimen I have defcribed may be called sieithaslions 
porphyry. It effervefces. flightly with acids; fo that the lime | 
whick it contains muft be united to carbonic acid Bes powder 
is light grey,-with a certain fhade:of purple. ‘When heated to 
rednefs, it becomes of a brown colour. It is not attraéted by 
the magnet, either in its natural ftate, or after ignition. By be- 
ing expofed to’a low red heat for half an hour, it lofes 5 per 
cent. of its weight. It foftens at 44 of WEDGwoop. Its fpeci- 
fic gravity is 2.663, as nearly as [ could afcertain, from the ef- 
fe&t which the water had in making it crumble down. 


M 2” | ONE 


| 
| 
| 
| 


9: @HEMICAL ANALYSIS 


One hundred parts contain, 

| Silex, 
Carbonate oflime, - 
Moifture, and other vol. matt er, and? 


ANALYSIS IV. 
Lava of Catania. tna. 


Tuis lava, and the to next were brought 


from Mount £tna by Sir James Harz and Dr James Home. 


At their requeft I analyzed fpecimens of each. Mineralogifts — 
are well acquainted with thefe lavas, from the defcriptions 


_ which have been given of them by M. Doromiev ; therefore it 


is unneceflary for me to mention their external characters. 
THE lava of Catania gives a powder of a light grey colour, 
which is very little changed in appearance by being heated red 
hot. After it is wet, it becomes dark grey. When this lavais — 
reduced to {mall fragments, fome parts of it are attracted by the 
magnet, and others are not. In fine powder it is but feebly at- 
tracted ; and after ignition its qualities in this refpect do not 
feem to be altered. It foftens at 33 of WEDGwoop. The fpe- 


cific gravity of the pieces moft free from air bubbles, is 2.795. 


I HAVE expofed this lava, in the manner already defcribed, 
to various degrees of heat, from rednefs to 158 of WEDGwooD, 


and conftantly obferved that it never loft ths weight. 


WHEN 
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boiled like the whins in muriatic che:part 
maining undiffolved weighed cent. 
are in 100 parts, 


. 
‘ q 
» 


Soda,about - 4 
Muriatic acid, about - we I 
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Si Ve enere, , Piedimonte, Zina *, 


‘Tuts gives, the preceding, a ‘greyith powder, 
which becomes dark grey when wet, and its colour is Acarcely 
affected by being expofed to a low red heat. It is but feebly at- 


tracted by the magnet, whether in fmall fragments or in pow- 


der; and its in are not by, low 
ignition. 

Ir foftens at 32, of Wep Gwoop, and does not lofe any weight 
in fires between iso and 1 60. After being boiled in muriatic 
acid, it left 68 parts per cent. undiffolved. Its {pecific gravity is. 
2.82 3. 


In 


* Dorewran, j in defcribing this lava, fays, that its fraGture is conchoidal, like that 
of filex.. The {pecimen which I analyzed had-an uneven fra@ure ; and its colour was. 
blackith-blue : in other refpeéts, however, it anfwered to defcription.. 


| 
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Lime, 

-Muriatic acid, about 


In analyzing thefe two lavas, I examined the different folu- 
tions, with particular attention, for magnefia, and fulphuric 
acid ; but could not detect beer.’ traces 3 of either of thefe fub- 
ftances. 

THE refults of thefe analy that whins, and a certain 
clafs of lavas, taken from remote quarters ‘of the globe, confift 
of the fame component elements, united in each, nearly in the 
fame proportion. ‘The only circumftance i in which they mate- 


| rially differ, is the lofs of fome volatile m matter i in n the fire, which 


is to the whins alone. 


“WE need not be now furprifed at the fadts mentioned. by Do- 
Lom1£v, and others, of foda being found about volcanos, or up- 


on the furface of lavas ; as it has thus been fhown to. exift 1 in 


thefe fubitances in. combination with their rth 


‘bafes. 


. Tue faéts and experiments. Iam next to mention will prove, 
that whins and lavas are not the only ftones which contain fo- 
da; 
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and will even render it probable, chat thie alba widely 


diffifed through mineral bodies. 


‘cated the circumftance to Sir James Hatt, he fent me, from @ 


high fandftone rock in his eftate, a quantity of the ftone decom- © 


pofed ; and-informed me that there was a faline efflorefcence 
mixed with it, which was colleéted along with the loofe matter, 
and which feemed, by the tafte, to be fea-falt. The place has 
been long called by the common people the Saét Hengb. By fim-- 


ply boiling fome of, the decompofed fandy part in water, and — 


afterwards filtering and evaporating the water, I obtained regu- 
lar cryftals of fea- falt, a of 
of foda. 

HENCE. it appeared likely, oe common would bet 
to be one of the component parts,.of ofdinary fandftome ftrata. 
To verify this importaft obfervation, I next examined two hard 
and folid {pecimens, taken from fome depth below: the furface,. 
and perfectly free from decompofition. The firftwas broken from 
a quarry about two miles to the weftward of Edinburgh. A por- 
tion of it being reduced to minute grains, of fuch a fize as the. 


particles of the ftone feemed to have confifted of originally, was. 
mixed with fome diluted nitricacid, and beiled with it gently for 


three hours... The acid, after being filtered, was wath ni- 
trate of Darytes, with which i preduced only a fight cloud. 
But nitrate of filver, when poured into it, threw down a copious: 


muriatic acid. 


A¥TER this was feparaced by Sieration, the iaquor 


which paffed. through was: evaporated to drynefs. A faline 
matter remained, which being mixed: wath fome charcoal, 
and heated, deflagrated like nitrous falts. Having wafhed the 


coaly refiduum, and evaporated the water, I got fome perfectly — 
ere of foda. There had. been, therefore, 3 in the fand- 


ftone,. 
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ftone, Las common falt, which, by this procefs, was decompc 
fed, and its acid and alkali colleéted feparately ; ‘but Wiethis , 
the whole of the falt was obtained, and what proportion it bore 
to the earthy parts, I cannot a8 the itfelf was 

‘THe next was ealkelt fret, a of 
which lies below the hill of Salifbury Craig ; ; and I chofe this 


- fpecies, becaufe the whin to which it is contiguous has already : 
_ been fhown ‘to contain foda. Some of it being reduced to the 


ftate of fine fand, and treated in every refpect as the preceding, 


gave a portion of muriate of filver, and of carbonate of foda. | 
The exiftence, therefore, of fea-falt in thefe varieties of ae 


Rone; 1 is thus fully eftablifhed *. 

Tue celebrated Mr of Berlin his 
that potafh enters into the compofition of feveral ftony fubftan- 
ces; and by the experiments defcribed in this paper, the other 
fixed alkali, foda, has alfo been proved to exift in mineral bo- 
dies, as it has been feparated from nine different varieties ; all 
of which alfo'< contain a certain of muriatic 


feed alkali was. ufed | in thefe 
fhall conclude this paper by defcribing, in a few’ words, the me- 


thod by which I prepare it; both becaufe its purity is of the 


greateft importance, and becanfe the procefs I employ differs, 


in fome circumftances, from that of moft chemifts. Having ob- 
tained. an alkali free from all earthy matter, either by burning 


white tartar, or by repeated folutions and cryftallizations of car- 
bonate of foda, I diffolve it in a confiderable quantity of water. 
The requifite proportion of lime being flacked, and allowed to 

cool, it is diluted with water, and then mixed with the folution 


* SINCE thefe experiments were performed, I have feen feveral 
fandftones, on the furfaces of which there was an efflorefcence of common falt. 
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of the alkalis: This mixture is treqnentty: Qisred during two or 
three days; for when no heat is applied, the lime requires a cer- 
tain time to attraét the whole of the carbonic acid. In:the next 
place, the mixture is filtered through a piece of linen placed in a 
funnel, and water poured on it till the whole of the alkali is wath- 
ed out. As it pafles through, it is poured, at intervals, from the 
bottle which receives it firft, into a fecond that is clofely ftopped. 
In-making the fixed alkalis cauftic, it is uftial to boil them 


with the lime ; but as moft kinds of limeftone contain a fmall 
quantity of fies or argil, and as thefe earths, when in a ftate of 


divifion, are foluble in boiling cauftic alkali, there is a. probabi-- 
lity, when heat is applied, of its. being ha rendered impure. 


This is my reafon for carefully avoiding heat in the firft part of 


the procefs ; and I have not found that lime made from chalk, 
or from the purer kinds of limeftone *, give any impurity ate 
ever to the alkali, when mixed: with, it cold. . ag 

Tue folution, in its weak ftate, is firft evaporated i ina k haiin: 
of hammered-iron, polifhed; but whien it is fomewhat con- 
centrated, I carry on the evaporation in a difh made of the pu- 


rett filver, reduced from luna cornea... After being boiled to a. . 


fmall quantity,’ it is allowed to cool, and then put into a well-. 
_ {topped bottle for fome days ; during. which, if the evaporation 
has been continued long enough, the neutral falts cryftallize, as 
Mr'‘Lowirz has pointed out.. Afterwards, the folution is care- 

fully decanted from thefe falts, and again evaporated i in the fil- 
ver dith, till it acquires the confiftence of thin oil.t. In this. 


ftate, fo little water is IEMs that any. Bae of the alkali, which. 


Mr lime made Carrare marble, which he boils with ‘the ale. 
kali. ( Beitrage, vol. i. preface). | 


+ Mr Low:7z, i in defcribing. his procefs for cryftallizing-cauftic potath, direéts the: 
laft evaporation to be performed in-a glafs retort. This method is very erroneous ; as. ~ 
the alkali, when heated and concentrated, will mei large — of the glafse. 
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may be united to carbonic seid} eryftallizes, and alfo. any heu- | 
tral falt that may remain ; and: the folution being decanted a 
fecond time, is perfeély pure, colourlefs; and 

laft boiling is difficule to. ex- 
act degree of concentration at which all the alkaline'carbonate will 
cryftallize ; ; and ‘if the evaporation is carried ‘too far, the cauftic 
alkali, if. potafh, cryftallizes itfelf fo ‘eat feveral 

are fometimes requifite. | 

no more water remains. {olution | 


fufficient to hold the cauftic alkali diffolved, it contains nearly 


half its weight of alkali; but the exact quantity is‘eafily known, 
by evaporating a portion to drynefs ina filver crucible.” Before 


ufing fuch a folution for analyfes, ‘I afcertain its purity in the 
_ following manner: Some of it being ‘fuperfaturated with per- 


fe@tly pure nitric acid, is examiined with nitrate of - ‘barytes and 


of filver ; with neither. of which, if properly made, it will give — 
the fimalleft cloud ; it an contain no or 


muriatic acid. 
ANOTHER portion being” a pure ‘aid, 


the whole is evaporated to drynefs, and the falt left is rediffol- 
_-ved in a little water. If any earth were‘contained in the cauftic 
alkali, it would remain thus undiffolved ; but when made as 


above defcribed, I have in this obferved thie 


| {malleft fediment. 


AFTER the alkali is purified falts, 


part united to carbonic acid, it may, itfelf be cryftallized by far- 
ther evaporation, as Mr Lowtrz has fhown. But this procefs 


feems of no ufe in chemical analyfis, as ‘the alkalt 3 is previouily 
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I. | Divine cubic equations into two varieties or fpecies: the 

. one, comprehending all cubic equations with three real 
roots ;, the other, all thofe with only one real root. 

. Let @ denote any angle whatever, and let r= tan 9, the 


radius being unity : let alfo x = tan£: then from the doétrine 
| which being to form, of an. is 
Now, Sten: what j is commonly taught in angular 


in this equation, may denote, not only tan. but alfo 


tan 120°), or ‘tan 240°). Te is to remarked, 


too, that any value whatfoever may be afligned to-r, pofitive or 
negative, and. without limit or reftri¢tion as to. magnitude. The 
equation, then, has three different values of x for every given 
value of r; and it belongs to the — of cubic equations, ha- 
ving three real roots. 
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AGAIN T affume this expreffion, | 
= 
ast 

‘Lik there. be conceived an “equilateral hyperbola, of which 

the femiaxes are each equal to unity, and let a ftraight line be 
drawn to touch the. hyperbola at its vertex: Conceive alfo.a 
ftraight line to be drawn from the centre, to cut off a fector 
from the hyperbola itfelf, or from its oppofite, or conjugate hy- 
perbolas, and to intercept a part ¢ (eftimated from the vertex) 
on the tangent line: And, in like manner, let another ftraight 
line be drawn from the centre to.cut off another fector, that 
fhall be one-third part of the former feétor, and to intercept a 


part z on the tangent line: Then the relation of r and 2 will be 
in the here affumed, viz. 


= 


I SHALL not flop to demonftrate this 
the hyperbola: it eafily follows from the known properties of 
that curve. I mention it merely with the view of marking the 


 ftri@ analogy that fubfifts between the two varieties of cubic 


equations. It is fufficient for our purpofe to remark, what is 
indeed very evident from the nature of the affumed expreffion, 


that, whatever value be afligned to +, z has always one. weal | 


correfpondent value, and only one. — 
From our affumed expreflion we get _ 


which being reduced to the form of an equation, is 
%3 — 32? 32 — 1 
THIS equation has only one value of z for every given value 


of +; and it belongs to the fpecies of cubic equations having | 
‘only one real root. 


4 In 


> 
* 

i 

¥ 

. 5 
| 
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order to give to the. two equations, inveftigated above 
‘the utmott generality of which they are capable, r write 7% R for 
r, and they finally become, | | 
in which two equations, R and reprefent any 
tive or negative, and altogether =e ne ee as to 
magnitude, 

I CONSIDER the two preceding equations as 
or fimple forms, of the two fpecies of cubic equations: And 
the method of refolution I have to propofe is, to reduce eve- 
ry cubic equation whatfoever to one or other of thefe two 
forms. | 

firft of the above: forms is an equation. to 
the circle. It expreffes the relation between the tangent of 
an arch, and the tangent of the third part of that arch: and it 
has, in all cafes, three a roots. If we take the angle Q, of 


which the tangent is 7 , the radius being unity ; the three roots 
of the. equation, ‘or the three values of x, are, ‘tan 


tan (2 + 120° and tan. (84 240° ). 


THE fecond of thefe forms is an equation  bilibigtne to 
the hyperbola. It expreffes the relation between the tan- 
gents of two hyperbolic fectors, of which the one is triple of 
the other; and it has, in all cafes, only one real root. From 
the expreffion affumed (Art. 3+) ears whence this equation 


‘was deduced, we get, = = : therefore, 


1+ 


fo z is found by extragting the cubic root of.a given number. 
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THe two forms differ from one another only in the figns of 
their terms. The firft and third terms, as well as the fecond - 
_and fourth, have always unlike figns in the firft form ; but al- 
ways like figns in the fecond form. This property fetpathny 
the figns of the alternate tefms, by which the one equation is 
effentially diftinguifhed from the other, I hall denominate the 
“ Charatteriflic of the form” 

5. I PROCEED, now; to fhew, in what way any propofed “ 
_ bic equation may be reduced to one or other of the two formes. 

Ler the propofed equation be, 
where A, B, C denote any given coefficients, pofitive or “nega- 


tive. I affume : aand 5 being. indeterminate quan- 

tities, and 2 a new unknown qamanity. And it is to be obfer- 
_yed, that the fuppofition of x= is - always poflible,, provi- 
ded. abe not equal to 4: for if a be not equal to ‘ba value may-be 
afligned to x, fuch, that the fraétion $= thall be equal to any 


number whatever, pofitive or negative. But if the va- 


lve of not altered, whatever number z may denote. 


 Havine fubftituted, and taken away the denominators, we 
get, 
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‘THE terms of this expreffion are now to be ned and are 


ranged, according to the done, we 
find, 


‘In order to reduce this equation to our forms, we mutt e- 
quate three times the coefficient of z* to the coefficient. of x, 
either with the fame or différent figns: and: alfo the coefficient 


of z*-to three times’ the abfolute term, likewife with the fame 
or different figns. For in the forms the coefficient of 2? and 


are R and 3R: and the coefficient of z* and the abfolute 


are, 3r.and + Now, in, the transformed equation 
above, three times. the coefficient. of x? is 3+3A+3B+ 36, © 
which I write thus, B) +(A+ 2B-+ 3C): And in 
like manner, for three times the abfolute term, I write 
(3a? + 2Aa*b + Bab?) +(Aa?b.+ 2Bab* + ‘This. be- 
aand b; 


3a + 2Aa + Ba 7 4 Bab* 
+ Ab + + + Aa’ + + 


6. Ir.is manifeft, from the. manner in which I have written 
the two equations for a a and 4, that they depend 


‘upon 
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upon the two. @ following more fimple equations ‘of the geri 
form: 


Aa? + 2Bab + = = 7 (A+ 2B+ 3C). 
For thefe two equations are no other than the two parts of 


the firft of the preceding equations: and if we multiply the 


firft of them by a, and the fecond by 4, we fhalf have the two 


parts of the fecond of the preceding. equations. 


To determine @ and. 4, I now write M= 3+ 2A + B; | 
N=A+ 2B-+ 3C; and ay= 4: thus we have, 


(3 + By) 
ax(A+2By + 3Cy) = ZN. 
the firft equation by N; the fecond by M; 


tract the one from the other ; and a’; there 
refult this equatton for y : 
(3N — AM) + 2 (AN BM) y 50M} = 

AND in this equation there is no ambiguity of figns, = = 

IF we'fuppofe. y=1, the equation laft found is. equivalent to 
the identical equation MN —MN=o. One value of y is there- 
fore unity. But this is precifely the cafe of 4 = b, which we 
have noticed above to be inapplicable to the prefent. purpofe. 
Nor is it to be wondered at that this value of y is of no ufe. in 
the prefent i inquiry : for it is manifeft that it does not at all'de- 
pend on the given quantities: A, B, GC, M and N, but merely on 
the peculiar manner in which the equation is‘conftituted. We 
learn from hence, however, that there is always another value 
of y, whatever numbers A, B, C, M and N may. denote ; be- — 


caufe every quadratic muft have two roots or none at all. 


QUADRATIC equations, with one root’ 1, may be’ fappofed 
to be thus generated : (y—1) X (my-1)= my 
the 
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two’ Toots 1 and ~ : Comparing this with | 


ouf equation, we have n = — AM and BN— 
And fo we Bet 

| 


~ 


i=(3N—AM) x 


THE quantities aand b are therefore found by a fag ex- 
traction of the {quare root: and they have each two values, one 
pofitive, and the other negative. It is indifferent which of 
thefe two values of and be taken, Provided. they are corre- 
fpondent values, fo thatb=aXy. It is to be remarked too, 
that a and B’have always real values, on account of the double 
fign prefixed to M ; for that fign is to be taken that will render . 
the radical pats ts politive. And it is to be carefully notéd 
which of the two figns is'neceflary, that 4 and 5 may have real 
values: becaufe on,this depends. the characteriftic of the reduced 
equation, and whether it is to be referred to the firft or fecond 
form, and, confequently, whether it has three roots, or only one. 
If the fign — is requifite that 4 and 4 may have real values, then — 
the reduced eqtation will have the charateriftic of the firft | 
form, and will have three roots. But if the fign + is requifite for 
that end, the reduced equation will have the characteriftic of 
— the fecond form, and will have only one root. All this is ma- 
nifeft from the ftatement in Art. 5. eae : 
Tue rule, or law, according to which the. for- 
mule for a and 4 are conftituted, is fufficiently ‘imple and per- 
 fpicuous ; and the formulz are therefore, in that refpect, con- 
venient for practice. But in examining the expreflion in the 
ParT I, O denominator 
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denominator of the radical, I find that it is always divifible a 


_M, the quantity in the numerator: and that thus the formulz 


may. be exhibited in another fhape, haying this advantage, that 

it will introduce {maller numbers in the ee operations 

requifite for computing a 
Iwritt QXM= 3(BN— 3CM)*+ 2A(BN— 3N—AM) 


AM)* , and evolving by actual ‘multiplication 


M= 3B N*— 18BC. MN + 

+. 6AB. N? — —s 

— MN + 6A°C. 

Now, the coefficient of N* is, 3B?-++ 6AB+ oB= 
3B (B 4+ 2A + 3) = <M: dividing therefore by M, we get, 
3B X 2A7B + XN 
+ (270? ot + BA’) xX M.. 


| And if for N‘and M we fubftirute their values (A 2B 3) 


and (3 -++ 2A+B), we fhall find, 
Q= + 81C*— 54 ABC + C— 


all the other terms'deftroying one another, except thefe five. 


Aut the terms in this value of a being divifible by al 


change Q, and put 


Q= 4Bi — :8ABC-+ 
or, Q= (4B? + 27C*) — 2AC (9B — A*) + A? (2AC —B) 
And fince 3QM is now equal to the denominator of the radical 


in the preceding formulx for a and J, we have the following 
new formule, 


— + BN—3CM, 
| 


eveic BQUATIONS. 


Was AT was retnarked above, with regard to’ the double fign 
prefixed t to My is to be to the double fign 


: 8. THE preceding inveftigation fapplies us with the fillow: 
fing rule, or criterion, by which to determine, whether any pro- . 


poled cubic equation has three real roots or not: 
“THE propofed equation will have three real pen eo: the 


amount of the expreflion 


(4B: — 2AC (9B — A) GAC — — B:) 
is negative: But if this expreflion is‘ pofitive, the equation will 
have only one real root: And, (as will afterwards. be thewn), 
when the amount of the expreflion i is = 0, the equation “a 
have two equal roots. — 


9. Havinc now found a and 4, if we fabftirate for x in 


the propofed equation, we ‘hall have an equation for z that will — | 


come under one of our two forms, and from which z (and con- 
fequently the root or roots of the: propofed equation) may 
therefore be found. But fuch fubftitution is not neceflary. For 


if we go back to Art. 5. and compare the transformed equation — 


with the forms, we fhall find R = 1+A+B+C, and 
3R = M+EN: alfo — 3¢ = (3a + 2Aa+ Ba) © 
(Ab + 2Bb + 3Cd) = = Ma + Né: Therefore 
Ma-+Néd | 


Whence the value or values oF 3 z are. found by what i is obfer- 


ved in Art. 4. 


10. I SHALL now give the refult of the whole analyfis in the 


form of a general rule for the refolution of cubic equations, 
and add a few examples by way of illuftration. 
the propofed equation be, 
x3 
1, Com- 


* 
| 
| 


thefe. values of 2 in the formula 


ting this value of z in the formula « = => 


Sy Ue Comepre, gt 2A + wt 
m— BN — 30M 
= 3N — ‘AM, 
And Q= + — 2AC (9B — +, A? (@AC— 
AND let it be carefully noted under which of the two follow- 
ing cafes the equation comes : : oy 


Case I. When Q is begative. 
CasE II. When Q is pofitive. 


= thefe two cafes a third may be added, viz. ‘when Q= Os 
bue: of this cafe I fhalt treat in one of the following examples. 


2. alfo, a= 
“VER = 


Ma 
and = — 


THEN, if the equation comes cake I: Find the an- 


Re gle ¢, of which the tangent is r, the radius being unity : take 


=tan’,2 = = tan + 120°), and z = tan.(® + 240°) : And 


the three roots of the equation will be Sones by fuvftituting 


+; 


4. Bur if the equation comes under Cafe UL we mutt com- 


And the only root of the equation will be found, by fabtie- 
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THE following examples are chiefly taken. from ,.Dr Hor- 
Ton’s. “ Traéts Mathéwnatical and Philofopbical.”” Tras. 
EXAMPLE, 1. Let the propofed equation be | 
Here, A B= = +11, C=—6: therefore 


N= =—2 | 
So chat we have here Cafe I. 


= 


Now, tan go® = and alfo tan 270°= ©: And we may take 
either of thefe for Take then, 


tan tan 30° = 


z= tan (G+120° ) — tan 


z = tan (§-+ 240° ) = 


And fo the three roots are 1, 2, and 3. 
| | SINCE 


| 

I 
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A NEW 


M+N=o0, we “hal alfo ‘have 0; and fo 
one root of the equation is unity, ' ‘Tt is: ‘mariifett too, that, in 
this cafe, the transformed eae. for z becomes fimply, 


3z* — 1 = 0: whence x = wal and confequently the other 


ae Q 
two roots of the equation are, and = =+— ¥3, 
b 
| 
Or. writing for a and 4, their alues, and 7 


two roots are, x = 
12, EXAMPLE 2. ie there be propofed 


— 6x + 9x—2=0. 


“Here A= — 6; C=—2: 


= 0 

a= + 18 

Q=- — 108. 
‘And we have here again Cafe I. 

+ 

Therefore Arc. tan —1= cherefor, | 


tan ® = tan 


3 
+120°) = t 165° =—t 15° =— (2-3), 
(2-+240° t. 28 75° = —(2+y3); 


| | hence, 
| 
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And the three-rosts are 3 
1 TAKE the to. urate the cafe of 
two equal roots» 
EXAMPLE Let the eqnation 
| | — — set 75=0. 
‘Here A= — 7: B=—5:C=+75. Therefore, 
M=—16 
N= + 208 
m = 2560 
Q= 
SINCE, chen, Q=0 O, it is manifeft Poe a, b, and : will be all 
infinitely great But though 4 and 4 be its; it is to be re- 


marked that: 


SINCE r= & , we have p= 90" 270°: Take p= 90": 
tan (2 +120° ) =tan 150° 
z = tan (° +240° ) = tan 270° = =o 


WE have then, in the firft Place, for two roots, 


And 


| 

| 
| 
I | 
| 
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And fince a and are infinitely great; is* manifett | that thefe 


two roots are equal to one another, and each = jo 


WE can infer nothing with regard to the value of the third 
root, derived from the infinite tangent, unlefs we can afcertain 
the proportion which that infinite tangent bears to the infinitely 
great BO aandb. The general relation’of r ='tan 9, and 
z= tan is thus exprefled r= 4 and + becomes infi- 
nitely great; 1ft, When 1 — - 327 = = 03 2dly, When z is infi- 
nitely great. 


_ Now the values of 2, derived Sock the equation I — 327 = 0; 


2 = and z = — : And thefe are -precifely the 
values of z ufed above in determifiing the two equal roots. 


3 ae : And it is manifeft that the 


greater z is, the nearer = approaches to L, fo that, ultimately, 


AGAIN, we have 


when + and x are greater than any finite magnitiides, we have 
— Ma—Nd 


and z= But: 3 therefore, 
— 
MN 


write — for d, in this expreflion, the infinite quantity. @ may be 


ri out by divifion, and we fhall have the value of. the root 
in finite quantities only. The expreflion being’ ‘properly redu- 


ced, we fhall have, = 


WHEN, therefore, O = O, two roots are equal to one another, 
and each = =: And we have this formula by which to com- 


pute the third root, «= Ne if 


_ APPLYING 


4 
a 
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APPLY this rule to ‘our exattiple, we have: 


for the two equal roots, = 


for the third root, = = = 


14. EXAMPLE 4. Let the equation | 
Hine A B= 18; 18. 
N=—25 
40 
So that we have here Cafe Il. Sar 


Hiner = =- = 

And 3 is che he equation, 

15. WHEN ¢ isa furd as t the yalue. of z (ia C Cafe iL) al 


ways involves radicals of this form, out which, 
the root may fometimes be extracted; and fo the value of z will | 
be exprefled by a furd of the fame kind as +. ees, | 
Partie 


216 3,/6 | 
= = 57 

J 6 — t 

| 
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THE method I have followed to. find when this’ can be done, 


being very fimple and eafy in practice, I hall here aes de- 
Acribe it. 


We have + = 


' whence thefe two equations are formed. 


7 


‘from which i it 1s that is a divifor of p, and ya divi- 


for of g. I feek then amongft the divifors of p for a number 


», and amongtt the divifors of g for a number », that will fatise 


fy the two equations above: or rather, that will wenidic thefe 


two following, 


If two fuch numbers _ to be found amongft the divifors of p 


and g, then will = : but if not, we are to: conclude that 


| the value of z cannot be exprefied this way. 


Tuus, 3 in the laft example T= 5 it 18: manifett that. 73 


admits no divifor but 1 > therefore » = 1, snd on trial I find 


which two numbers fatisfy the two equations, and 
therefore = | | 
16. THE fame method applies to Cafe For, i in this 


and 


3 
— — 32° 
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and fubfivating for r, and for %, we derive thefe two 
equations, 
p= — p? 
whence i it is manifeft that m is a divifor of p, and va divifor of 
before. It will be eafier for. trial t to. write 


thus: 


let it obferved, that we may here give to aad y any 


| figns. confiftent with the condition, that and (the 


values of and *) are pofitive numbers. _ 
‘Ir is to be remarked too, that, in this cafe, z has iaecediecs.: 
If, however, we can find one value this way, the two others are 


readily obtained. For if v be one value-of 2, the two other va-_ 


— 73 


lues are and = becaufe thefe values are the 


tangents of two arches that differ from the arch of which v is. 
the tangent by.120° and 240°. ; 
TuovucH this is a matter more curious than’ -ufeful, I thall: 
add one more example for the fake of illuftration. | 
Let the equation be 
+ 479% — 1881 = = O 
Here, A B= + 479;C=— 1881: And. 


: Q=— * 
And the equation belongs to Cafe I. 


- 


| 

‘ 
~ 


| 
| m = 16976 : 
| 


"5490/3 


find whether can be expreffed by a fard as rite” 
p = — 4879, = 5400, and 35 and I have thefe two. 


| 
“= 
| = 
I find, that 7, 17, 41, are ‘divifors of Te is 
that + 7 would give »* negative : : I therefore try — LA and it 
does not fucceed: Neither does + 17; but trying — 17,1 find ; 


64, and. confequently v=+8: And — 8, is found. to 


25-473 tic 


9V3- — 9549— 410, 9139 19. 


And fo the three roots are, 9, 11, and 19. z 
END OF PART FIRST. 
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VL, Rens MARKS @ Mixed Species of Evipence in ‘MATTERS. 


‘of “With: an EXAMINATION of a new ‘Histo- 
RICAL Hyrorusis, in the. Mémoires ‘pour la Vie. de 


ETR ARQU E, by the Abbé de SADE. _ By ALEXANDE 


matte hitt re fearch, a "kind. of circum~ 
hich arifes from “combination of, 


nown or aut fads with. critical, 2 argument on. he 
import Of authors, which the. reafoner ¢ ¢n- 


deavours. to interpret, by ‘bringing together, . comparing, and 
t illyftrate the other ; fo. as to. draw from the. 
whole ‘ degree. of “politive ; and certain information, which. hofe. 
d facts are Not ‘of themfelves. fufficient. to. convey, 
and h thoi pallages, taken feparately, are ‘incapable of fur-. 
nilhin This complex fpecies of evidence, j it muft-be owned, | 
is, rel cto its of conviction, much inferior to, that. 
whic fom the inary proofs on. which authentic hifto- 
ry “depends the teftimony of adtual, witnefles, £0, 


Q2 ‘from 


i 


| 
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120 EXAMINATION of an HISTORICAL HYPOTHESIS 


from clear and well authenticated records: But, at the fame 
time, as in matters of hiftory we have not always that beft kind 
of evidence on which to found our belief, we ate from neceflity 
often compelled to refort to this inferior, circumftantial and 
analogical fpecies of probation, in order to form to ourfelyes.a_ 
rational creed on many matters of doubt, on which the mind i is 
unwilling to reft in abfolute uncertainty. 

‘Tus latter {pecies of evidence, too, Tae its recommendation, 
from that pleafing exercife which it gives to the reafoning 
powers: for there is no mental occupation which demands more 
ingenuity, if we conftruét ourfelves this artificial fabric of ar- 
- gument, or requires more judgment, if we attempt to analyze 

and examine its foundations when reared by another. The 

‘ftrudture of an hypothefis of our own is a delightful occupation 
to the mind; and a pleafure, perhaps very little inferior to this, 
is the critical examination of an hypothefis framed *by another. 
We proceed to either undertaking with.a zeal, refembling that 
which is felt by the adventurer on a voyage of difcovery. We 

_ perfevere in it with an ardour which increafes with the difficul- . 
- ties we encounter. Like the adventurer, too, we find our chief 
reward in the refearch itfelf, whatever may be the adtual value 

or real importance of its ultimate object. 

Or the truth of thefe obfervations I have myfelf beg full ex- 
"perience, while, at a feafon when I thought myfelf warranted i in 
fecking an amufing exercife of the mind, I began to read over, 
with fome attention, an elaborate work that I had formerly but 
haftily perufed, the Mémoires pour la Vie de PETRARQUE, by the 
Abbé de Sanz ; a compofition which affords one of the’ moft 
remarkable of an hiftorical hypothefis, fupported by 
that compound fpecies. of evidence I have mentioned, which 
confifts in the combination of certain authenticated facts, with 
critical reafoning on the import of various doubtful and ‘con- 
tending authorities. As the examination of this hypothefis, and 


the Abbé deSA DE: FEVAM RASA | 
the evidence on which it is: built, has afforded me confiderable 
pleafure, while, at the fame ‘time, I have’ flattetedmyfelf ‘that 
the refult of this examination has been a complete detection of 


infafficiency, I am prompted ‘to fabmit my remarks: to ‘the 
confideration of this Society, which embraces, in’ its‘comprehen- 


‘3 


cone sakes, which, as they are of a general nature, may, as I 


imagine, be applied’ with propriety ‘to. all inveftigations. of a 
fimilar kind, where the evidence is of. 
have mentioned. | Thefe rules are the following: - 

Waere a doubtful is to be afcertained, 
gillian comparing and weighing the fenfe of various paflages 
of an author’s writings, the conftruction: put on ambiguous ex- 
preflions ought to be fuch as is confonant with the fenfe of 


unambiguous, 
WuHeEre a  perfon’s: dak ‘manner thinking, 


_ feeling, or abting, are clear, from the general tenor of his life 


and writings, no interpretation ought to be given to doubtful 


paflages of thofe writings, which contradicts, or 18 inconfiffenc ; 


with, fuch character, Sentiments, and conduG. 


Hil, WHere the belief of che 


difputed fact, a fingle paffage, though apparently contradictory 
to that fuppofition, 'muft not be allowed weight, if it is poflible 
to give it an which i is 
better fupported. 

IV. In fuch a cafe, ‘to eftablith the 
belief of a certain fa&, and theré appear one or two paflages in 
contradidtion to — is to | 


@ither 


| 
are 

| 
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pofitidn:ie excluded, interpolation or fabrication. olidw 
Ni fappohtion: of interpolation...or fabri icatinns there | 
mint; of: ja, cogent and iadequate mativas 
and therefore;iwhere utterly swanting, the. fuppo- 
fiston is notito: be indnlged.s: oft yleups ovil 
VI. this motiv@is apparent, the prefamption; of fulfe- 
bood is in proportion to the ftrength of the motive, the facility 
of executing the. and thei weight: .of the  oppofing, evi- 
tion, it is moft material to. attendstd she, fenfe 
what immediately: precedes’ and; followa th¢ paflage in, difpute; 
ion difonducy is fron: matter;.of: cortobora- 
Apthefe.rules of evidence:are well founded, whey; will afford.a 
juft writerién forthe decifion of all hiftorical:con- 
trovérfyy where the ‘evidence circwmftantial 
and prefumptive nature, and where our. belief«is;, the, sconfe- 
quence not of autherity: yo Of, argument is 
that AbbéiderSaa fhalh now proceed 
od of on eguitiw bas 


THe world, owes ivery high obligations 
Perparcu.s it has been. landably zealons.4n repaying them 
by .a.grateful, uibute.of, admiration, and, encomium,.; There; 39 
no character: among ithe moderns, whofe; talents, have been, more 
the; fubjedt, of ,panegyrics, both; among,, d4is, cotemporarics and 
with pofterity ; nor is there any whofe life has. 4a, frequently 
employed;the.pen, of the-biegraphex. Baron de,la Basmz, 
one of the lateft.of .thole biogsaphers, enumerates at lealt four: 
teen, and.amoft. of. thefe:.authors of , ome Feputation,, who, have 
profeffedly written biographical accounts of this eminent man ; 
not 


| 


ally treated! of this? life’ literary chirraéter in‘ dritieal differea- 
tions} journals, atid memoirs oF the Mate of of his’ age 


country. 


‘has beéh brought tddight, andj even reafonable— 


fulpicidix, that ‘Where’ thére’has® been’ futh’ ardour ‘of’ 
tion, ‘there can’ ‘But ‘Aittle fabjecof' ‘fiew diftovery.' ‘So 
thought la Basrre; when; ‘in the ‘years 1746°and' 1741, 
he' publithed his'excellent "Account Of the Life of in 
the Mémoites:-de des -dnferiptions Belles’ Lettres*; 
that withifi'a-few yeurs the’ date of 
his the world was to recéive'a work, contain- 
leaft tent timies! the Quantity’ of ‘all’ ‘that had - ever been 


written the Fubbject ‘and -ptofefling to be‘only 


haterials for'the ¢ompofition Of 3 Life ‘of this ‘temarkable' nian. 
The work Phete-altide to; i¥ ‘Mémoires pomr ta Vie'deP 
by the Abbé de Sav} book which has met! with confiderable 
Approbation from! the’ public} ‘and which ‘tnerits the praife it has 
‘as,"along with @ very iinute detail’Of the life of 
very fall account of his! writings, it 

contains much curious and inftrudtive'information relative’ both 
to the ‘literary: and’ politital ‘hiftory ‘of ‘the times which it com- 
memorites. work whith is: “exténded to ‘thtee. large vo- 


hintes ih ‘quarto, and which’ hag Been the'fruit of the “moft 


‘fot ‘only into all‘the pritited works ‘ihiftrative 


of the fifasiniers' and ‘hiftory’ of the’ century, but i into public 
records! ‘and the’ atchives of private families, i it‘cannot be denied, 


that’ mutch “Hew “light has’ been! thtown' ‘on the ‘principal: ob- 


OE che! Gnd charaéter’ of PETRARCH. 


But it will te a matter of regret to many readers, that the con- 


& 


4 
* Vols. xv. and xvii. 


| 


| 
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fequence of thefe elaborate inquiries, fhould be.a diminution, of 
that efte¢m . the world. has hitherto | entertained. for this 
eminent man, in the moft important point of his chara¢ter,.. | 
morals * 

Tue of. give of . his ‘bilities a 
Politician, Theologian, and, Philofopher,; and. it is in thefe cha- 
racters that he appears chiefly to, have-been, diftinguifhed, by his 
cotemporaries ; ; but. it is not on thefe foundations that the laft- 
ing ftruéture of his fame’has been reared. . It is to. thofe incom- 
parable verfes, in which he has, celebrated’ the .accomplith | 
and. bewailed the fate.of the beautiful, Laur, that. PerRa RCH 
hasbeen indebted for his permanent reputation.. The, hiftor 
of the poet’s paflion for his lovely. miftrefs, muft ever be re- 
garded as. forming the moft interefting. portion. of ,his annals, 
His.chara¢ter; in fact, took its tone from that predominant af- 
feétion, which influenced his ftudies, his habits of. life, and all 
his purfuits and occupations. A love. fo -pure,..fo ardent, and 

lafting, is difficult to be paralleled in the. hiftory:of human 
nature. PgTRARCH .was the patlionate admirer of Laura for 
twenty-one years, while fhe was in life; and .with unabated 
ardour of affection, he is faid to mare pemailed her for. 
ty-fix years after her death, - 

Tue works of the poet. himfelf 
that this paffion, fo remarkable both i in its. fervency and dura- — 
tion, was an. honourable and, virtuous flame. .PETRARCH a- 
{pired, to the happinefs of being united to Laura in marriage. | 
We have reafon to believe, from the evidence of his. own wri- 
tings, that the heart of Laura. was not infenfible to his paffion ; 
and, although the term of his probation was tedious and fevere, 
he for a, to. that -he 


* Of this work thé Abbé de Sanz, Mrs has given a very 
in her Tift of PETRARCH, 2 vols. 8vo. 


Jaf to:attain the éiid-of his! withes. ‘are the ideas 
that We muft:entertain; from: the : owritings ofthe poet himfelR 
of the-mature and objedt of his paffion ; and fuch ‘has been the 
-uniform:and continued :belief: of the world with regard to it, 
‘from dys! to! the preferit. ~At length ‘comes into the 
uricourteous, Knight; ‘who, with afpirit 
very oppofite to that of the heroés-of chivalry, blafts'at once’the 
fair fame Of the virthous*Laura, and the (hitherto -unfullied 
honour of her lover ; and;proudly: throwing down his gauntléc 
of defiance, LavRa twas matried wonian, the 
mother ‘of!a numérous family; ‘that with’ all'his. 
profeffions of pure cand ‘honourable flame} had ‘no other end 
in hid: amexampled:affiduity of pprfuit, than what every liber- 
tine propofes v6 himtelf-inthe poffeffion of a miftrefs and that 
the lovely Iwona, thotigh'never ‘actually unfaithful to her hut 
band's: bed, fenfible' tothe ‘paffion:’of ‘her Ciehfoeo, highly 
gratified -purfuit, andj-while fie -fuffered ‘on ‘his‘account 
much réftraint “and feverity from a‘jedlous ‘hufband, continued. 
to give: chin. every mark of ‘regard whieh; without dire& 
bredch:: of cher: ‘matrimonial vbw, fhe:eould ‘beftow upon him. 
Such! isthe drypothefis' of the author of the Mémoires pour ta Vie 
de onthe fubjee of the lovesof PeTRaRcn and of 
LiukAg ahdcohe eftablifiment of this: hypothefis, {> injurious. 
to the honour: of rope of 
claberate work. 
THE principle of Grenpahey- is a. noble part of the vaaihitlann: 
ef the! ‘human mind’; ane perliaps, the bafis’ of “all the’ focial: 
affections, * Ta ‘fornpir our ‘opinions of the characters and con- 
‘of, other men,,.we, anyoluntarily, place ourfelyes. in ,their: 
ftuation,.and.we judge-of.them:as- we fiiould with to be judged: 
ourfelves Hence ,in-évery doubtful cafe, 
where the’ conduct: of another is found to admit of 6 ppofite c con- 
ftrudtions, a candid mind will ever: give its decifion « on the fide of — 
VoL.. V. Th. R. virtue. 
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virtue and of honour. ‘Hence, likewife, the ‘warmeft indigna- 
tion arifes in every ingenuous: breaft, on obferving in others'a _ 
violation of this rule of candour, in a propenfity to form: unfa- 
vourable opinions of conduct or of character ; we are:prompted | 
eagerly to ferutinize: the foundations of illiberal 


enjoined. us the. refpedt due our common: 
refute the calumny, expofe the artifices of the i ae and. re- 
{tore the injured to his jufteftimation: 

PREVIOUSLY to the appearance of the Abbé ‘de 
Save, thofe authors who had written the Life of Perrakcu, 
had, in treating of Laura, univerfally acknowledged, that mich 
uncertainty prevailed with regard to the real fame, family and 
rank of this celebrated perfonage. . In general, however, we find © 
but two different opinions on this fubject. | ‘The one is, that her — 
parents were of an ‘honourable family im Provence’; and that 
her father * refided:at'a fmall country feat or village in! the ter- 
ritory of Avignon, near to the fources of the Sorga:; the other, 
that the was fprung ftom the houfe of Sanz, a daughter of that 
family, which is of an ancient date, and confiderable rank: in 
the city of Avignon. The former of thefe opinions, which has 
been adopted by almoft all the Italian authors, is founded on a 
| rp of paflages in the writings of the poet himfelf, of which 
afterwards take ‘particular notice. The latter’ opinion, 

ew 


Curanay, Lord of Cabrieres, This on too, an, 
to entitle it to credit. It is, in fat, only a conjeCture® of Vevorer Lio himfelf, who 
was at pains to fearch the -baptifmal’ regifter of the’ parith in which Vauclufe is 
‘fituate ; and, finding that a child of the name‘of LAuRa was regiftered.as being bora 
to Henri Lord of Cabrieres, on the qth of June 4314, he. thence conclu. 
ded, there being no other regiftration of that name which could poflibly apnir to 
the of his refearch, that for certain, was, the of 


/ 


Of the Abbe de SADE 


4 whiel is that which chiefly prevails at Avignon, where the poet 

paffed a confiderable part: of hie is on n the 

circumftances. 
1 the Ambrofian at Milan, is a ma- 

; nufcript copy of VirGiL, which is faid to have been the proper- — 
a ty of PerrarcH; and on the margins of which are many 
0 notes, alleged to be in the handwriting of the poet. © One of 
thefe, which is written on firft ‘Page the MS. is in the 

* “ Laura, propriis ¢ et meis longi cele- 
brata primum oculis meis apparuit, fub primum 


“ adolefcentiz mex tempus, anno Domini 1327, die 6. menfis 


1 

| “ Aprilis, in Ecclefia Sanéte Crar# Avinioni, hora matutina ; 
1 _ “ et in efdem civitate, eodem menfe Aprilis, eodem die fexto, 
Ps “ eadem hora prima, anno’ autem 1348, ab hac luce lux illa 
t “ fubtracta eft ; cum ego forté tance Veronz effem, heu fati mei 
; “ nefcius! rumor autem infelix per literas Lupovici mei, me 


; “ Parme reperit, anno eodem, menfe Maio, die rg. mané. 
“ pus illud ‘caftifimum atque ‘pulcherrimum, in loco Fratrum 
' . Minorum repofitum eft, ipfo die mortis, ad vefperam. Ani- 
TRANSLATED. 


“ Laura, ‘illuftrious ‘by the virtues fhe poffeffed, ‘and during many 
years by my verfes, appeared to my eyes, for the firft time, on the 6th day of 
April, in the year 1 327 at Avignon, 1 in the church of St Claire, at 6 0 ‘clock in the: 
morning. I was then in my eatly youth. In the fame town, on the fame day, and 
at the fame hour, in the year 1348, this light, this fun withdrew from the world. I 
was then at Verona, ignorant of the calamity that had befallen. me. ‘A letter I re- 
ceived from.my Lupovico, on the rgth of the following month, brought me the 
cruel information. ‘Her body, fo beautiful, fo pure, was depofited, on the day of 
her death, after vetpers, in the church of the Cordéliers. Her foul, as Szeveca has 
faid of AFricanus, I am ‘confident, teturned to heaven, from whence itcame. For 
the purpofe of often divelling on the fad remembrance of fo fevere a lofs, I have — 
written thefe particulars in.a book. that. comes frequently under my infpeétion. hs 

have: 


| 
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“ mam quidem ejus, ut de AFRICANG ait SENECA} ini 
“ unde erat rediiffe mihi perfuadeo.,. Hoc autem-ad acerbami rei 
«“ memoriam, amara quadam dulcedine fcribere vifum: eft, hoc 
potiflimum: loco qui-fepe; fab. oculis; meis. .redit ; ut,,cogitem 
nihil -effle debere. quod amplids mihi, placeat in hac. vita,, et 
effrato majori laqueo, tempus -efle.de Babylone’; fngiendi, 
“ crebra horum infpectione, ac fugaciflime. ztatis. eftimatione 
commoneat. Quod previa Der gratia facile: erit, preterit | 
temporis curas: fupervacuas, et exitus 
acriter et viriliter cogitanti.” 
THE evidence of this note, it 
fixes the burial-place of PETRARCH'S. Lavra. to. have, been. in 
the church of’ the ralres Minoress or Cordeliers, at Avignon. 
At the diftance of near two hundred. years from. the death of 
Laura, 1533,) Florentine. gentleman, of. the name of. 
MaNELLI, being at that time, at Avignon, amufed.himéélf 
making refearches into. every particular. relative to the hiftory 
of PETRARCH and of Laura 3, and, with the aid of two others, 
MavRIc_E de SEVES * anda Boxremrs, who. were inftiga- 


have thus prepared for myfelf a pleafure mingled with pain. My lofs, ever prefent 
to my memory, will teach me, that there-is no longer any thing in this life which 
can afford me delight; That it is now time that I thould renounce Babylon, fince the 
chain which bound me to it with fo tender an attachment, is broken. - Nor will 
this, with the afliftance of Almighty Gop, be difficult, ‘My mind, tufning to the 
paft, will fet before me all the fuperfluous cares that have engaged me ; all the de- 
ceitful hopes that I have « and the afiting 
of all my pe | 


* Propasty Maurice a. French poet, -cotemporary with 
Mazgort, of whofe compofition: there are fome pieces in the: qto edition of the works 
of Marot, publifhed at. the Hague, 1731, by the Abbé fawangs du FREsNoy, 
(under the fiGitious name of the Chevalier Gorpon de Peneet). oh 
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ted: ‘by a like every quarter of this 
of the Cordeliers, in the hope of tracing fome memorial of 
Laura, whom, on the evidence of the manufcript note on Vir- 
gil, they believed to have been there interred. “In one of the cha- 
pels of that church, called’ Capella’ della Croce, in which was the 
burial-place of the family of Sa DE, they found a large flat ftone, 
which bore no infcription., whatever. _ This, if it afforded no in- 
dication of being the. grave of Lavra, at leaft gave no proof - 
to the contrary ; they therefore opened the grave in queft of 
further evidence.:.. At firft they perceived nothing but earth, in- 
-termixed with {mall bones; among which was an entire jaw- 
bone. Examining, however, more minutely, they difcovered a 
little cafket of lead} faftened with a brafs ‘wife, on opening 
which they found a piece of parchment, folded, and fealed with | 
green. wax, together with a medal of bronze, on the one fide of 
which was the figure of a very little woman, (figura d’una 
donna picciolifima), in the attitude of uncovering. her bofom 
with both her hands; and around, in the Rw: of epee were 
only thefe four letters, M..L, M. 

In endeavouring to. explain, this. it to 
Maurice de Sev&s, that the four. letters. might probably be thus — 
interpreted, Madonna Lavra mortayjace. “This was plainly no- 
thing. more than conjecture; and, had the tomb contained no. 
other evidence of a more decifive hature, all hitherto difcovéred 
had been of little confequence to afcertain the object of inquiry. 
The fealed: parchment..was, therefore, next examined ; and, al- 
though it is owned that the writing was at firft quite illegible,. 
the chara¢ters. being fo defaced, (as well they might, after lying 
two hundred years in the diffolyed, materials of ahuman body),. 
yet Maurice de Srves, by examining it “expofed to the: 
{trong rays. of the is faid to have: at Jaft made out di- 

ftindly: 
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ftinétly the of which he a tran- 


{cript * : 


Che anchor me cuoci e firuggi, inginocebione 


Qui ripofan felici offs 


Di quella alma gentile e fola in terra. 


Afpro’t dur faffo hor ben teco bai foterra | 


El vero honor la fama e belta Scoffa. | 
Morte ha del verde Lauro foelta e moffa 7 


Frefea radise, cil premio de mia guerra 
Di quattro luftri ; e piu fe anchor non erra , | 


Mio penfer trifto ; e il chiude in pocha foffa. 


Felice pianta in borgo de Avignone 


Nacque mori: e quiconellajace 
La penna, el 1 ‘inchioftro ela ragione. 
O delicate membra, O viva face 


Gia fet pregdi IL SIGNOR te in 


Tue fonnet is given exaétly, as to and from the 


Has feen thee {pring and die;—and here with thee a 
Thy poet’s pen, and mufe, and genius lies, 


copy which the e Abbé de Save fays he took from the original. ° 


Tuvs almoft literally tranflated : 
Here now repofe thofe chafte, thofe bleft:remains ache 


OF that moft gentle fpirit, fole in earth! 


Harfh monumental ftone, that here confin’& 
True honour, fame and beauty, all o ‘erthrowa ! eo 


Death has deftroy’d that Lanrel green, and torn 


Its tender roots ; and all the noble meed — 


Of my long warfare, pafling (if aright 


My melancholy reckoning holds) four luftres,. 
O happy plant! Avignon’s favour’d foil. ac 


O lovely, beauteous limbs! O fire-divine, 
That even in death haft power to melt the fout! — 
Heaven be thy portion, peace with Gop on high! 


forinetis the Of PETHARCH ; 
but! being, ‘in:the!judgmend of ‘Betrsoj sBecca ur, Mura- 
Tort, and beftof the ‘Italian: critics, very inferior,’ in point 
of merit, :to the other <compofitions of the’ poet, have fup- 
pofed it the workvofianothery who. had here affumed :his ‘charac- 
terj in! compofing: ah epitaph in‘ honouriof Lauray! Iris’ re- 
marked; from: thecévidence! of the notevon ‘that: Pes 
TRARCH was at Parma. at the time-when Laura was interred 
at Avignon ; and therefore, that this infcription, , though written 
under his character, could not, t poflibly be of his compofition. If, 
however, fuch an infeription was, ‘adually found i in 1533, in the 
tomb of the church, of .the Cordeliers, whoever :was its author, 
it would feem very: clearly to, indicates that, this was in reality 
the grave of Perrarcn’s Lapras and the*place‘of her inter- 
ment, being a chapel erected by the houfe of Sane asa burial- 
place for‘alt of their family, ‘a ftrong thence ‘arifes, 
of the tradition currént’ at AVigiion, that Law's’ was’of that 
fatnily aiid to ‘be ‘laid’ for‘ that 
hypothefis of theauthor of the! Mémoires; that fhe’was thé faine 

perfor with’ de ‘Novis, who’ ‘was harried to “HUGH "de 
Sabie, and front ‘whom thé wholé of the branches of that fami- 
now exifting are finally defended: bs ne 

“THERE | are, howéver; many | that to ‘bry 
into: ‘doubt; ‘ot rather that feem entirely tdlconfute, this funda- 
mental fadt, that’ LAURA either died’ ‘buried at Avignon.’ 

we thie’ evideétice OF the note LAURA was 
born at Avigtion, and died in the fame place!’ The works of the 
poet, indeed, contain the moft pofitive information that Laur A 
died in the place” ‘where the was born, anid’ where. ‘fhe Thad 
pafled ‘thie’ pretteft part ‘of ‘her life's but’ hey fikewifefurnith 
evidence that this place was not Avignon, but fome fmall village 
or country-feat in the territory of Avignon, near to the fource 
of the Sorga, ¢ or the fountain of Vi ‘auc lufe. 


In 
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the Trionfo, della; Morte Part':2. the: poet: that 
on the night (after heridéath, appeared -to:/him in a-wvifiont 


and, in the courfe of.a long converfation, in which thé. acknow- 


ledges, that fhe had ever felt for: him a mutual paffion, and-en- 
deavours ‘to’ fatiefy. that every: fingularity-of icondirct, 
however harfhly might) at: thé time have judged, was 


In una fola 4 me ftefa' 
n troppo ‘umil terten mi trovai nata : 
 Duolini andor veramente Bio 

Foceanate, ‘enough, I, was. in) other rafpeds this, only.;1 
regretted, that, the place of my birth, was too, humble, at deaft 
“ Thad canfe to repine at this: Gircumftance,, that: it, was; not 
“ nearer, to, the) beautiful. country, of .thy, natipity, 

“ region was indeed fufficiently beautiful, where J had the hap: 

pinels :to, pleate, 1 masumpefible thar Laura could 
have termed the city of Ayignomway/ terreno, or that; the, conld 
_have been athamed of it as the place of her bith, that eyme- 
“Avignon, was, the Papal refidence, and ane of the mot; Splendid 
cities in the fouth, of, Enropes:9 citys indeed, where luzpry, and 
corruption of mangers, had. atrained.to fach.a height, that, 
TRABRCH himfelf characterizes is by the. Gallia 
the fonrsh fannet, of the, alt Part,f, his Capon, 


; 


Of the, de SADE. 1348 


to border a ditele on impiety. Divine. Provi- 


dence, he} obfetves;'has thought, fit, to; difplay its ,wonders,. by 


choofing its moft illuftrious inftruments, either from-a fervile 


condition, or from alow and obfcure place of origin. Of this 
he gives for examples; the»mean occupations of the Apoftles, 


the obfcurity of the birth-place' of ‘our Saviour, who, difdaining 


wns 4 


imperial Rome, chofe an intonfiderable town of Judza for the 
place of his nativity; and laftly, the’ humble origin of the 


matchlefs Laura, that refplendent fun of beauty, 


che natura-e fi ringrazia, 
si bella donna-al mondo macque.» Son. I. 
this in borgo, or fmall-village, is-likewife 
diftinétly: pointed: out. » It was inthe” neighbourhood of the 


hills that-rife*above' the fountain of Vauclufe; the {pring of ‘the 


Sorga, °The poet fends a‘prefent to’a-friend, of two birds which 
he had caught, and he:accompanies: the: gift with a; fonnet, in 


which the birds‘are’ to’ the to. 


they are fent: — 


A pie de colli, ove la bells 
delle terrene membra pria’ 
“La donna, che colui'ch” a te‘ne?nvia, 
Speffi dal fontio lagrimando defia 
in palfavam, Son, 8. Part. 1. 


“ At the foot of shoe ‘hills where hii fair SEE was born, 
“ who oft cauifés him who fends this prefent to pafs the flceplefs 


* in tears, we once enjoyed | he fweets of Bberty,; 


| 

| 

| 

Vor. V.—P. IL. 
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himfelf to the of L Lavra, Pe 


{fprings, and thou wilt fee a folitary being, who, amidft 
“ the green fields and: ftreams, feeds on thy, remembrance and 
“ on his own forrows,  *Twas thy lay ; and 

_“ there our loves began.*’—-— 
In the 155th fonnet of the ( Sol, the poet, 
-dreffing himfelf tothe fun, complains, thatiw hon bie Jight i9,with- 
diawn, and the might comes.on,he 14 depriyed»of: what he moft 
délights:in, the fhadow ‘that falls from, that low. hill, “where 
fparkles ithat fweet-fire!; where: from: ai flender.t wag the beau- 
 teous laurel grew ;”? and he laments, that thedarknefs hides from 
‘his eyes bleffed: fpot, amiftrefe, his heart 


* for ever dwells.” | yor 


O 
mi tai quel cb? ? pie 
checade da guell’ umil colle, 
Ove feave furca, 
Ove gran lauro fu picciola uenga 
Crefcendo, mentr’ io parla; a gli occhi tolle 


OLY fate kp def ga: Joo} 9413 at 


ay 


io cor.con la fi 


So, in the onitiet’ df the Part, Mays, 
Quella per cui con Sorga ho cangia 


| | 


rT F 


paffage clearly marking, hat his preference for the Sorga. arofe 


17th Canzone, Part. 1., (Di in fer fursiithes 


fimilar inference : 
Mi rivedrai fovr’ un rufcel corrente, 
” un frefco ed odorifero laureto : 
| mio cr, ¢ quella, che. tnvola. 


thofe his ihe air mild: and ferene; befide 
“ the rufhing brook, wheré the gale wafts from yon frefh laurel’s 
“ leaves its rich ‘perfathe } "tis ‘there fhe dwells who reft me of 
my heart.” . On this paflage.. Gest'atdo-remarks, in a note, 
Era preflo al fume, ov” albergava Madonna Laura, che fi 
“ It'was near the river where RY the refidence 


part 


¢ 


Sento i” aura mia. antica ; i i delet alli’ | 
apparir onde bet hime’s nacgue 
Che tenne gli occhi miet mentr ’ai ciel piacque’ 
lieti or li tien triftie molli.i— 


od 


view thofe beautiful hills, whence’ that refplendentlghe 


“ which once gave joy to thefe eyes; while heaven fo pleafed to 


“« Dlefs me with her — > but now, alas! has fteeped them for 


S 2 ever 


y 
| 
| 
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ever in tears. Widowed are thofe green fields,—-and turbid 


talire: 

Many paffages of the poet’s writings likewife very clearly in- 
dicate that Laura died in the fame place where.fhe was born, and 
where the had the of her 


Tavs, in the 5 3d fonnet of the ad Part oY 


nido in la mia Fenice 
| Mife 1’ aurate e le purpuree penne ; 
fotto le fue ali 
_» E me lafeiato bai qui, mifero e 
Tal, che pien di duol Sempre_al loco torno 
Che per te confecrato onoro colo. 
Vi eggendo a colli ofcura’ ‘notte intarna 
Onde prendcfti al ciel ultimo 
“ Here is the neft in which’ ‘my Phoénix lay, and rer her 
“ golden and empurpled wings ;—and here fhe left me miferable 
“and alone. Thus, for ever a prey to grief, T turfi me to’ ‘that 
‘‘ dear {pot of earth which the has confecrated; and which, on 
that account, I venerate and honour : I view thofe hills, now 
“dark and defolate, whence the winged her flight to 
So, likewife, 3 in beautiful on his return to 
? clufe, Valle, che de’ lamenti miei fe’ piena, &c. he gives the moft 
2 explicit intimation, that the grave of Laura was in that very 
place, and amidft the fame he fo, often had 
| | the ot her “holt wei 


f Valle 

* 


a 


Of the SAD 


Kalle, che de? lamenti miei fe’ piena 
Fiume ebe fpeffo del mio-pianger crefci 
Fere filveftre, vaghi augelli, e pefci, 
Che una el’ altra verde riva affrena; 
Aria de’ mici Sefpir caldae ferenas 
Dolce Jentier, che st amaro riefti; 
Colle, che mi piacefii, or mi rincrefci, 
' Ov’ ancor per ufanza amor mi mena ; 
Ben riconofco in voi wfate forme, 
Non, laffo! in me ; che da si lieta vita 
| Son fatto albergo infinita doglta. 
vedea mito bene ; per queft "orme 
Tornd a vedér; ond? al ciel nuda 2 gita 
 Lafciando in terra la fua bella “Son. 


Thou lonely vale, where i in the fleeting years. 
tender youth I breath’d my .am’rous pain ; 
Thou brook, whofe filver ftream receiv’d my tears, - 
_ Thy murmurs joining to my forrowing ftrain; 
come, to vifit all my haunts een: 


hills; to my fight ! 
O well-known paths, where oft I wont to > ROVE, | 
Mufing the tender accents of my love} | 
Long ufe, and fad remembrance now invite, a 
Again to view the icenes which once give delight 


‘Yes,. ye. are ftill the ‘though L meet 
No more that angel form, which beauty hed. 
On univerfal nature! Her dear feet 


Oft trod Your paths tens | in hallow’d earth her head 


In one of his Lasiai- petty? in which the poet celebrates 
Laura under the fictitious name of GALATEA, three nymphs, 
NiosE, Fusca and FuicipA, are introduced in converfation, 
and one of them aiks the others to _— out to her the place 

phere 


| 
| 
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where GALATEA was A does in _thefe 
words: 


Carpe qua capitis’ 
Colla boum, crébrasque canum fub limine parvo 
Videris excubras. kitvosque ad claufira ‘moloffos : 


Hic locus tua damna afpice contra, 
Hic CAR 


VAG 


Take your way yonder, where you, will oxen “yoked 
by the neck, and the watch-dogs guarding the-entry of a {mall 


houfe. That hides from your, fight what,yeucare in fearch 
of ; for on the other fide. of “it is, the. ‘place of Gata- 


TEA, 


It is evident that the age a above ctl from. the writings 
of the poet himfelf, afcertaining both the place of LAvuka’s birth 
and of her burial to ave been in the country, 1 in fome {mall vil- 
lage or villain the neighbourhood. of the hills, and of the fource of 
the Sorga, ftand in dire&t contradidtion to: the manufcript note 
on Virgil rtd and to the fonmet’ to Bete in the 


{ 


| | 
* Tue note on Vir ‘gt?, when contrafted “with pple of the poet’s wri- 
tings, exhibits likewife other inninfic evidences of forgery. This note’ bears pofitive 
teftimony, that Petrarcu faw Laura for the firft time at matin-prayers in the 
church of St Claire at ‘Avignon. Bat, from many paffages of ‘the poet's writings, 
it appears, that his’ interview with’ Walk/in the fields. 
in the &th Badlata, Part. 1.16 — Je lalrovinn aQ 


Nova fovra 2” ale accorta 


che Jenza compagna ¢ fenzu, {corta 

Allor fui prefo. 


SEIS im 


5 
> 
| 
£¢ 
é¢ 
i 
i 
| 
0; 
. 


grave‘of the church of the Cordeliers:”: The queftion, then, is, 
To which’ df'the oppofing proofs’are we to'give’ our faith To 
this queftion we! thalb certainly ot long hefitate to give an an- 
fwer, when we confider, that ‘the one ‘clafs ‘of proofs ‘admits of 
no: fafpicion ‘of fabrication’ or impofture ; while the other is ex- 
tremely ‘fafpicious, and ‘be altogether: a ‘forgery.’ Ie -is 
impoflible”'to’ fappofe; that’ diumberlefs paflages, interfperfed 
through the: works Perrarca, ‘indicating the place of 
Laura’s:birth and “death; all naturally’ conneéted with the 
treated though ‘fome furnifhing their evidence not 


in ‘poftive terms, but ‘only-by inference; thould every one of 


them be: fabricated ; and: fhould able 


Verde, m’ apparve com duo. cornea ‘0705. 
Fra dud riviere’a ‘ombra 4 an alloro.. 
more clearly, in the Latin eng: 


The evidence ering from thefe that. 8, with) his 


, ‘trefs was not in a charch, but in the fields, 1 is thus controverted by the Abbé de Save. 
Je perhiadé que ces alléyories qui préfencent des i images. riantes de la cam pagne 
doivent etrelenteridies des 4éhors d'AVigdon, ou des charmes du printemps, qui eft 
la faifen- dafquelle PETRARQUE pour la premiére fois! “Convenoit-il 

quwil- -parlat de, de CLARE en rapellant.la premicre époque de fon amour ? 

Un poéte qui parle de ces chofes-Ia, eft bienraife ayer la Acene ; n’ira spas la 

‘datis the églife et fur une ‘chofe f'; pen. importante en “elle- méthe, il ne doit 
pes ta drité chigorique fe: permet toutes tes fi@tions qui ‘penvent 


fes vers (Notes, vol. i. p. 57.). If this, minde of reafoning is tobe 


ted, qual againit, thofe the. Abbé has-brought in. 
fupport. of is own h \ypotlie $ ofe whic militate Againg, it; and tends, indeed, 
‘toinvalittate the’ 6 ought from the | poems of in proof of 
“ay part of his 


| 
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to infert all thefe fabricated paflages.in every one of the manu- 
{cripts of the author's worke which are ‘to be found,in Europe. — 
Nor even, fhould ‘we .allow this ftrange undertaking to have 
been practicable, is it poffible to figure a motive capable.of in- 
ducing to the attempt? For, what intereft had any man to thew, 
that the Laura of Perrarcn was born and died in an obfcure 
-- refidence in the country, while nothing more was. proved to af- 
certain her origin or connections? But this reafoning will not 
apply to thofe proofs which are. brought to thew that Lavra 
was born and died at Avignon. The! manufcript note on Vir- 
gil, and the fonnet faid to have been found in the grave, ftand 
evidently in a very different. predicament. \ Here the forgery 
was eafy ; the motive to it {trong and alluring. At the diftance 
of two hundred years from the death of PETRARCH, it was no 
difficult matter for the poffeffor of this manufcript of Virgil, 
which is faid to exhibit a great number of notes on its margin, 
in the genuine handwriting of the poet, to have fabricated one 
‘additional note in imitation of that handwriting, of which he 
had before him fo many fpecimens ; nor ‘did it require a great 
_ meafure of ingenuity to compofe a fingle fonnet, written in the 
perfon of PeTRaRcu, and that.too perhaps of equal merit with 
many of. his genuine compojitions. . Of both forgeries the mo- 
tive was probably the fame, which has inftigated the Abbé de 
SADE to the compilation of -his elaborate work, the defire of 
vindicating to this houfe the. relation to. fo celebrated a perfon- 
age as the Laura of Perrarcu: though, as we thall prefently — 
fee, the Abbé’s hypothefis goes beyond the pretenfions of his 
anceftors, and much further than the evidence of this note and 
fonnet can conduct him ; even. were dhe 
certain authenticity. 

WE have already “that the of the fearch in- 
to the graves in the church of. the ‘Conteno' was, rier afcertain 


| 


Of the de SADE 


the. truth of that report, which gavé the Laura of PETRARCH 
tothe houfe of or three. perfons, zealous in this 
refearch, unite their endeavours for that purpofe, and their in- 
veltigation’ is, naturally directed. to. the::family burial-place, 
which is: a. chapel. of. that. church. termed Capella della Croce. 
Among. other. monuments, in. this chapel a, graveftone i is difco- 
vered, which bears, no infcription; and, on opening the grave, — 
-fome bones. are found, and a cafket, containing a medal and a 
parchment., Fhe medal has on it the figure of.a very little woman. 
Here, fay, our, amtiquaries, is, in. all probability, the, figure of 
Laura *. Around the figure are four letters, M.,.L..M. I. This, 
fays one,of them, (Maurice deSeves), is undoubtedly to be 
interpreted, Madouna Laura. morta jace 3 though it is confefled 
that monumental in{criptions. and. the. legends of medals are 
rarely found in, the vernacular tongue ; and.though M. L, M, I. 
might, have been. read twenty different ways,- with, as, much 

plaufibility asin. the way that Maurice choofes to read it. The 
point, then, being: already fettled: that. this muft be the grave of — 
Laura, the parchment, to be fure, muft contribute its relative 

evidence to the fame effet... This. parchment, however, 
at firft illegible: a mot at all furprifing. | 
wonder is, that the parchment itfelf fhould have been ra 

able: fog, parchment being an. animal fubftance, mutt, one 
fhould. naturally fuppofe,. have gone into total diffolution, in — 
much lefs, time than two. bhandred years, when inclofed in the 
fame coffin with a putrefying carcafe, from the juices of which 
a leaden, box, fhut only with a brafs wire, would be a very in- 
fufficient protection. But the parchment. is faid to. been 


actually found,.. It could be rad without the aid 
Vou. V V.—P. il. of 


* We do not recollect any paflage « of the writings of Petrarca which marks 
that Laura was of fmall ftature : nor is it eafy to conceive how the medal, tepre- 
fenting only a fingle could determine the fize of the per- 
fon reprefented, _ 


‘ 
| 
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of the light. Tt’ therefore ‘was not ‘read! inv the | 
dark chapel of the church Maurice de SEVES, ‘in all‘ pgo- 
bability, puts it'in his pocket, and ‘takes it home for‘his delibe- 
rate examination. He had’ already given his opinion on: ‘the 
legend of the medal,’ which afcertained Laur A’s'rélation to’ the 
grave. ~ His credit, therefore, as an antiquary, is‘at' flake: to fup- 
port this opinion, by the further évidence' of ‘the rotten parch- 
ment; and next day hé produces a fairly ‘written: fonnet, which 
he deélares to. ‘have copied from the original, of: which, ‘with 
much pains, he had at length: been’ able ‘the cha- 
raéters: The original is afterwards ‘heard ‘of.’ A’ copy, 
written likewife on parchment, is preferved at ‘this day’ among 
the-archives of ‘the’ family’ ‘of SADE, which’ they pretend ‘to be 
the original, found in the’ grave, ' ‘and ‘fepard: ‘accordingly ; as a 
moft precious: document.’ “But, though: mutilated’ a little'td ‘give 
the air of antiquity, ‘as its‘ writing: is ‘extreinely diftina, and 
may be eafily read)-that circimftance of ‘itfelf demonftrates, that 
it cannot be the which, even two hundred ‘years ago, 
was not without the utmoft difficulty 
de Seves, with the aid‘ef a very ftrong 09 

Tue, fonnet’'or epitaph is’ ‘generally’ ‘efteemed: 
- compofition ; and the Italian authors’ are indi gnant that it fhould 
ever have been fufpected: to! come ‘hand of 
TRARCH: but PETRARCH’s Hot’ all of’ tran- 
fcendent merit ; ‘and ‘intrinfie’ charatter hot,’ perhaps, 
itfelf, fufficient to bring’i its tite ‘doubt. mie- 
dal and the lead ‘box-are faid’to have “béen” ‘fee abut the mid- 
' dle of the prefent century; inthe poffeffion of the: monks' ‘of ‘the 
Convent of Arne; ‘there’they are fo and’ the 


in ‘quoillud (Cepulchram) obfcurum eft’ Siniftra ingreffu 
habet altare mare adftruétum,* ante quod, grandi faxo, fine omni ornatu et in- 
{criptione, LAURA cubat.’* PHIL. Tuomasint, Petr. Rediviv. p. ‘Tix. 


a. 
3 at i 


| 

| 

| 
| 


Abbé Sapgimentions.a shrewd. conjefture of the Superior of 


the Gonvent,,¢ that they-had been fold.to,fome Seigneur Anglais.” 
Monks are. very, dexterous the. fabrication. of -all. forts of Te 


tics, and it,was no bad policy. of; the, Zyatres Minores, to attract 


the notice of ftrangers: to their. ‘convent; by the exhibition 
medal, box, the, evittences of a.curious, and. 
friar, more of own. that. of his 
convent, might. have. purloined . thafe, prepiaus, and. 
his own price for them. 

is the hiftory. of thofe celebrated are 
faid to ,prove the place of Laura’ s. birth and death. to have been 
Avignon, : and to afcertain that her grave was: in ‘the chapel 
of the church of. the Cordeliers in that city, and; in the burial- 
place of the, family. of Save. I have ,ftated. fairly the whole of 
this evidence, which. refts. entirely on, the, manufcripti note on 
Vi ingil and this miferable, fonnet ;-and Ileave..that--evidence to. 
be’ balanced by thofe numberlefs paflages of the poet's. undoubt- 
ed authentic writings, which .moit unequivocally affert, 
that AURA. was, neither | born, nor. dicd, nor .was, buried, at 
Avignon ; ‘but, that the-was, born in.afmall village,‘or: country, 
refidence the neighbourhood. of, Vauclufe, wherethe pafled 
her life j in ‘tranquil and humble. retirement *; ; that fhe died there, 
and was he fame place... on both 

‘are. to Svan are 


to 3: 
“Nom Ja,cainobbe jf mondo mentre 1’ : 
Conoblit,’ to qui Son, 67. Paris 


With what propriety or canfiftence:. with: truth the poet have thus expreffed 
himfelf of Laura de Noves, the wife of a perfon of high rank, and who had paffed 
the whole of her life in all the gaiety and fplendour of the court of Avignon ? Still 
lefs would the pious Perrarcy have borrowed a Scripture expreflion, addreffed to 


the Saviour. of | the .world, (St Joun’s Gofpel, chap. xvii. v. a5) and applied it, 
falfely too, to the object of an adulterous paffion. 


| | 
| 
| 
| 
| 


 mey. ‘Te could, indeed, be only a diftant profp 
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are impartially weighed, I am ‘inuich “deceived, indeed, if titty 
perfon competent to judge of ‘this fpécies of ‘evidence; wilt a. 
— to decide that the latter is infinitely preponderating. 
arguments by which the’ Abbé has 
ed to invalidate the pofitive evidence ‘contained’in the writings 
of Perrarcn, that LAuRA was born, lived and died ani 6b. 
feure retreat in the country; are not undeferving of attention ; as 
they are {trong examples’ of that laboured fophiftry, whieh is 
ufually employed when one ‘endeavours! to a ‘weak or 
falfe hypothefis. 
Avicnon, fays the Abbé, a city’ of fore 
far inferior in {plendouf to many the Italian citiés; 
the mind of PETRARCH, being filled with the idea of their mag- 
nificence, might not unnaturally have termed the’ former picciol 
_borgo. Unfortunately,’ at this time ‘knew nothing 
of the fplendid cities of Italy, but by defeription,’ He was born 
at Arezzo, an inconfiderable town ‘in’ the Florentine territory ; : 
and he was no more than feven years of age, when he, together 
with his whole family, removed to Avignon. ‘This city, there- 
fore, was at any rate the moft fplendid ‘he had ever feen'; ‘unlefs 
perhaps he had had a tranfient glimpfe ‘of Florence ont his F jour- 
ofpeet'; for his father 
was then in a ftate of banifhment from’ that ‘Capital’ and’ durft 
not enter it. We may judge, then, ‘with what ‘propriety. Pz- 
FRARCH could have given the epithet of picciol borgo to Avig- 
non, then the feat of the Papal refidence, the perpetual refort of 
the moft fplendid embaffies from all the fovereigns of Europe ; 
and rendered illuftrious, as the Abbé de SADE ‘himfelf informs 
us, by frequent vifits of the moft celebrated princes, many of 


Les non des Ambaffadeurs an Pigs moin- 
dres occafions, ne-dédaignoient pas d’aller fouvent en perfonne 4 Avignon, traiter 


the firme tathor the vaft concoutle of 
had every fpecits Of 

fplendid and Tuxarroas, ‘really feemed a picciol borgo in the eyes 
of Perranen, Whoft ‘mind, ax‘ thé Abbé ‘Lays, ‘was filled with 
the great idea of tHe cities of (what we have indeed fiewn 
to be only an idea, as he had never feen them), we cannot allow 
the famé falfe’ eftimate ‘in-the mind of Lavra, with refpect to 
the moft confiderable® tity ‘which, for certain, foe ever feen. 
If fhe had been born at Avignon, it certainly triuft have merited 
in her eyes a very different eftimation from that of an umil ter- 
reno, which fhe was affiamed to avow as the place of her nativi- 
ty. Yet fuch, we have feen, the poet deferibés to have been 
her eftimation of the place of her pA the only circumftance, 
the fays, Ctiing her origin, of which fh reafon to be 
rhich fhe had 

Bur, the piccial borgo he terreno, the Abbé, v was 
not properly the city of Avignon itfelf; it was only a fuburb, 
a vd of that city, thus. well have merited 
Spit 


Vietinoisiy avoiént des-denieares fixes—Le palais du Roi de Naples é:vit oi 
Pon voit &-préfentle Unsure, qu'on appelle Les Royules, parcequ'dlles 
habiteds Ie. palais d’un Rok. ‘Us, grand concours d’étrangets dans une ville, y enteaine 


markable proof.’ The peftivence which: ravazed Iraly 
er this jy dat’ wa Boewaero has given; inthe 
intron td his eldquetit and impreffivedefcription, cat off, 
the. fpace of three, months, a hundred and, twenty of. 
Avignon, Hif. Piftl.. Mem de Peta. 


7° 4 


SEE fupra, 132. 


7 


epithets:. To;this,we fhall anfwerby:a, fingle queftion,,whick, 
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has been well.put by M. whe: cantend for 
s being born at Avignon: “ Que 
poéte, qui, addreflant Ja parole. a, quelqu’ un qui deroit.né, dans 
‘ule, fauxbourg, S'¢, Germain, croiroit deyoir Je plaindre-de ff 
“a ‘il n’eft pas, yepu.au. monde dans. une, ville sonGdérable? 
qui-naiflent dans.ce moins. nés, a, 
(iors test isvon bed sl ex me vireo od 
continues the Abbé, we, find, jn a fragment. which is, 
printed, at therend of all the editions of she 
the, following exprefiton : S199 ,aongivA bed 31. 


fil ‘was whicte'the Sorga and the 
Durance unite their clear and turbid ftreams } in a latger” chan’ 

“nel,” ‘Can any | ‘thing, fays he, mar ark the 
It is not found in the manufcripts the works 
of PETRARCH, | nor have. VELUTELLO, GEsu ALDO, or BEMBO, 
givenita a place’ in,their editions... “To the ‘{plendid edition printed 
at Venicejin 1.756, itis found i in an: appendix,. which. editor 
‘entitles; “Giunta ‘d'alcune eompofitione del PeTRanrc a’ che fi 
“ dicono da Iii riftutaté” therefore document’ of no’ 
authority whatever. . But, _Lecondly, Even fuppofing i it enuine, 
the defcription. there given daes by, no means. mark precilely. the 
fimation of. Avignon, The. Sorga. and the Dusance do:not, join. 
their ftreams ‘at ‘Avignon.’ «Fhe: Sorga falls into ‘five 
miles Avignon, ahd thé Durance fix milés below that'city. 
Thefe rivers, — though _ unite their ftreams BE ‘both 


falling 


| 
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falling into the’ Rhéne; ‘do. not mark ‘out Avignon ’as the point 


‘of ‘jun@tion; but ‘rather ‘mark ‘the ‘boundary: @ 


diftti@ ‘termed the Venaifiny which comprehends ‘the country 
for feveral miles ‘adjacent to Avignon; and-therefore, the de- 
fetiption is equally: ‘indicative-of Vauelafe and‘of Cabrieres, as it 
is of ‘Avignon. oto of 1698 


Bot this’ paflage; fappoting it genuine, will:find | 
planation: by afimilar: ‘which occurs: in the 1oth of 


poet’s' Latin Laurza occidens ; in which’ he 
bewails ge Of ‘his*miftrefs’ under: his favourite allufion of 

Silva docis qua fe diverfis ic 
Sorga -nitens Khodang, |p pallensgue, Ruentia. mifcent.,. mot 
mibi, quo fucram Tufee tranflatus ab 91 


bominum res fata rotant, futt aridulum rut, 
Dum colui indigne, atque operi i fuccefit a 


Gi") & ii 


 Verum ‘inter Jeopulos nodofaque robora quercits, 


“tance tnite ‘theit was’a ‘thick: foreft, where, afcerT 
“was Femoved*from the T ufean vale of a hittle: 
harrery ‘country fei Here, amidft the ‘rocksiand thickets:of 
“oak, near the! borders of ‘the: ftream, grew'a moft “beautiful 
Lawrelco This favourite obje& engroffed all my care. Incthis: 
‘ fpot was my kingdom, and here I found my fupremejdelighe.”: 
Nothing! vcertainly ‘can’ more ’accuratély: picture : the “feenery-of 
. vicinity; where the<poetfejgns hid :beantifal; 
Laurel'xo have {fpramgpamidft the rocks and:thickets: 


In 


| 
| 
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the Canzone penfier), the poet addrefles hinafelf 
to beautiful fixeam, on the borders of .whieh-his miftrel, was 
frequently to walk... The. commentators} in endeavouring 

to identify the: {eenery to. which. this; refers, have, with 
Bieat appearance of probability, fuppofed: this rivulet, to. be. the 
Coulon, which runs near to Cabrieres, where beliewes 

to have dwelt, and conchade it to have been the fame: rivulet: in 
which he had onee furprifed bis miftrefs-bathing, quite naked, 
an incident to which he alludes: ins the But ‘this 
fuppofition, . contradicting this. theory,:.appears to. the Abbé.de 
. SADE quite unnatural and abfurd. He finds a bafon. or.pond 
- in a garden clofe by the walls of Avignon, which correfponds to 
a miracle with every thing here alluded to...As to.the rivulet 
- of Coulon, fays he, it is no lefg than a mile and a balf diftant 
from Cabrietes, a cireumftance which ‘puts its pretenfions out of 
the queftion ; as this would have ‘been ‘rather too long a walk 
for a lady, promenade un peu forte pour une dame ; and PETRARCH 
himfelf muft have croffed a fteep hill, and walked at leaft four — 
miles and a balf, before he could have teen her there. 

In a fimilar ftrain of weak and inconclufive. reafoning, this 
author attempts to invalidate.the evidence ef the fonnet with 
which PETRARCH# accompanies his prefent of the birds, caught | 
at the foot of thofe hills where lay: the birthplace of Laura. 
Part of the city of Avignon, the Abbé,is fieaated. on a regky 
eminence; and although:the feor: af that reck:isinow. all built 
aver, and comprehended within the: precinsts: of the city; 1n 
thofe. days it waght have hess apes. ground, and PerrarecH might 
there: have amufed in ant: 
birds ip iqueftion. 

Se: likewise: in 184th outta), mv tbe 
poet deferibes the pleafures af the morning in the country, the 
valleys refounding with the. fwact fong of the birds, andthe 
murmuring 


; 
| 
} 
. 
. 


murmuring’ of) the:clear’ tells; early ‘to 
hail the rays; he ‘had the fortune to fee two-funs rife’at 


the fame! moment ¥:the fun’ that ‘marks! the viciflitude-of day 


and night; and Laura; who:at'that inftantieclipfed his radiance 
by her own: the Abbé, with: his ufual facility of perveniion, 
cites ‘this proofthat’PeTRaRcH ufed frequently, to 
walk the ftreets‘of Avignon beforeodaybreak, 
fare of feting: hig miftrefs’open' her windowsis) 
Bor the moftvamufing inftance’of'' this fophiftical 
of an authét’s' ¢leareft :expreflions; ‘is to be :found im) the:com 
ftruction which is‘ attempted: to’ bé put onthe :paffage above 


‘way yonder, “you will, fee ‘the oked 
by, the neck, an 
a ‘houfe—On the other fide, of 3 ‘it is the burial -place of GALA- 
“rea.” “This. is ‘been ever. ‘reckoned as. one of the, moft de- 
cifive teftimonies, ‘that the burial-place of, Lauka was. not in th 

city of Avignon, but in the country, Ie was neceflary, iere- 


fore, to ‘take, off the fo ree ce of, this frong | piece evidence, It is 


>i 
admitted, 


di mor of mormorpr. dé liguids erifialli toned 


‘ddA off Ne prim’anis abbaghato, ¢ 
Levar unto "2 un 


“WoL. V V.—P.. | U 


the watch-dags guarding the entry a 


i 
} 
| 
| 
e* 
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of GaraTea: but the yoked oxen,.and the. 
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admitted;-on” allhands, that Laura is:figured under. the name 
ing the entry of a fmall honfe, how can they poflibly, be; applied 


to a church in thé city of Avignon, or indeed to any thing ‘elfe 
_ than'a farm-houfe in the country? Nothing is more, clear, 


fay the advocates for this hypothefis 3 the: oxen yoked’ by the 


neck are the friars of the convent, the fraires minores, qui ferunt 


obedtentia, laboris et religionis 3-the dags. guarding’ the door 
are ‘the fame friars, (both dogs. and oxen), who may well be. 
termed dogs, becaufe they bark fo much in: their foreman Sre- 


_ quentes vigilias canum, pradicantium feilicet et latrantiums..:: 


I presuME I have given a fufficient fpecimen of the Abbé de 
SADE’s ingenuity in accommodating and beriding to his own 


_ purpofe thofe paffages of the poet’s writings. which are in the 
— moft, direét contradi¢tion to his hypothefis ; ; nor would an un- 
prejudiced critic ‘defire. a ‘more fatisfying proof of its: futility, 
_. than the miferable fhifts to which i its defenders are put in order 


to ‘fapport: ite This hypothefis, however, muft yet be more 
thoroughly canvaffed ; and, for. that purpole, begin with a 


brief detail of 3 its whole particulars. 


Tat Abbé de endeavours to prove, ‘that the of 
PETR ARCH was Laura de Novss, the daughter of AUDIBERT de 
Noves, a gentleman of noble birth in Provence; that fhe was 
born at Avignon, in 1307 or 1308; that fhe. was married, in 
1325, to de the'reprefentative of a very ancient 


and honourable family in'the ‘térritoty Of Avignon, to whom fhe 


bore eleven children; a that fhe died. at Avignon, in the year 


1348, and was interred in the burial-place of the houfe of Sanz, 


in the Church of ‘the’Cordelters: in that city.. The Abbé, who 
is himfelf a younger fn’ of that family, has proved the whole 
of thofe leading circumftances, i in thé hiftory of his progenitrix — 
Laura de Noves, by authentic documents in the archives of 


the houfe of SADE; ‘and he has cma tas the cer- 
tainty 


thefe fads, “th 


‘is plain fhe was a different perfon ” from LAURA de Noves. 
The evidence of thefe Jatter faéts we have already’ féen. “It is 


clear, pofitive, and ‘tunatibiguous. ‘Te might, therefore, be fuf- | 
- ficient to reft the matter here without farther : argument ; “for an 


hypothefis rault fall of icfelf, when the main props on 
is built are demolifhed. But Iam tempted to goa great aéal 


farther: and, allowing that ‘the queftion as to ‘the place 


Laura’s binth’ and death were ftill a matter of doubt; nay, éven 
admitting, for the fake of argument, that the Livak of Pr- 


TRARCH had, according. to the tradition current at “Avignon, 
been, connetted, in fome way or another, with‘ the houfe ‘of 


Save, and on that account had been interréd’in the burial-place 


of that family ; fappofing, in fhort, the authenticity both of the 


note on Virgil, and the whole ftory of the grave, the medal and 
the parchment ; ‘I thait * now proceed to fhew, and; as f craft, to. 
prove to abfolute convittion, that this Lavka, as we 
thall fuppofe her with the houfe of Save, and buried in their 
family-vault, was never married. 

“AND here, [ muft previouly remark, the report 


it is allo wed, was current at Avignon, that Lavra belonged to 
the farhily of Save, ‘was not bey? was yy warvingy 


with that family 


houfe, , “The: gpinion fhe was with: it by inattiage,, 
was never entertained by any ¢ one of the family, till: it found its — 


origin in, ‘the’ whimfi cal yanity this author of the Méiioires, 
the Abbé de Sane, ‘who has laboured, 1 in ‘this Voluminous work, 


to convince ‘the wotld, that he himfelf is ‘actually fprung: from. 


the body of the iMtuftrious Lavra, “That fhe was a daughter of 
the houfe of Save, shad been a tradition, though, as we ‘have 
feen, 


at ‘this’ Lavra, ‘the bife of de 
Sade, was ‘born, died, ‘and was Biitied’ at Avignon” Tf, 
therefore, it’ is equally demonftrable that the Laux a of Pr- 
‘TRARCH Was neither born, died, nor was buried at Avignon, It 


| 

| 

| 

| 

| 


‘LUTELLO, who lived within 1 50, Years, of the time of | PETRARCH, 


the hiftory. of Laura, (a fubject which | he-ha in ale 
| parate differtation), and. who: had Aimfelf 


tured it to be a mere fidtion, and the ofigpring of the old man 


152, EXAMINATION of ait MISTORICAL BY POT HESIS 


a veryill founded, one, for fome centuries. opi 
at Avignon, may have, in a gheat. arifen. one, 
de SADE,;an. ald nobleman, of that,city, with wi hom 
L happened, to. converfe a.great deal. at two different times, 
“ when was at. Avignon. He. Let forth, that. he was d defcend. 
“ed from one, Hugu.de a. brot er of; Joun,. was, 
“ the father of. Madonna, La URA,. whom; he. mnderftood to have. 
been the fame, who was: celebrated sby- PETRARCH and he 
told me, that this Jony, de Sans, had fome “polfeffions at at 
avefons,: about two. deagues from. Avignon,, where he lived. 
always in fummer,. but pafled the winter at, Avignon ; and, 
that: this, ‘Lavra, the. daughter of Joun de. Sa DE, was, after 
a her. death, interred in the family burial-place, in, the Church | 
of the Cordeliers., But,” VeLurenco, w hat con-. 
vinced me that this. old. man’ 's.ttory, was altogether a fiction, , 
_was, that being afked at what time this Lavra lived, he faid, 
that by.a certain teftament which he, had,feen, fhe ‘mutt have 
been a grown woman between the years, 1360 ‘and 1 1370 % 


“ Now certain,’ ve Pare ance 


‘a Qui OTE paflage for two To ‘thie Ve- 


UMS 


who. had been at the: utmott pains Anyeft every trace ‘of. 


with ‘th is 
old gentleman of the family of SADE, from, whom he fappofes 
the report,of Laura’s relation to that family to have 
originated, did not himfelf. give to the ftory, but c 
vanity ; ; and I mention it, To. thew, econdly, that this, 
thus traced neatly to its origin; did r not make ‘Lau UR: A a ‘married 
woman, or connetted the houfe of Sane by, 


tf 


i 


a danghten,of onelofithst family, natoely-of Satie: 
this ‘time, therefores.when sdationsim © 


“now, we.find there, is,,not the: fmahleft! ideaiof that hypothefis,: 
which the prefent reprefentatives of this family-are fo: anxious! 
to eftablith, nantely, that:the was-connedted, with:them: by mar-_ 
riage... Inftead of being a:/Mordei the: 
moth¢r| of 3. numerous! progeny find, going sback two: 
centuries, that the family, themfelves cbelieverherito have beer: 
a, daughter of of that si mori difcovered till the 
prefent: age;| which above’ 400; years aftér: this clacdy’s: 
that fhe: was, the; wife of their-anceftar, mother of.all-t 
viving branches, ofthat houfe3:and 
her illuftrious,, blood is. fprung) the: extfling; of: 
that family, and, amongrthe reft. the! thelautior: 
_of this.important difcovery, which it:has: ‘been the labouridf his» 
life to _proveiand authenticate. bas dtiw 
Ong dhould have naturally imagined, that ‘this gentleman, fo; 
proud: pf. shig anceftry smight! havecreriained: contént-with that) 
portion of fenown! which appears.itosHave fatisfied the! vanity: of: 
his. forefathers théir honfe the honour 
ving, produced this And: indeed it is notieafy. 
to. conceive show, any. juft :balance ‘of: moral:eftimation; the, 
one fpecies, of adfcititiqus merit fhonid-outwéigh 
the contrary ,.a rigid, moralift would. infallibly: decide, thar chere’ 
was real honour that accrued.to a family)from having pro-" 
duced..thej pure, the chafte, the coy, the maiden Laura, the 
model of female dignity and propriety, the object of an ardent: 
but virtuous affection to the. of the 
e; ‘thair' from’ having ‘acquired by* marriage, ‘a connettion® | 
with ‘a lady, ‘who,’ ‘whatever ‘were her ‘petfonal’ charms, had n no, 
title to the virtue, or, of true, female, dignity ;, 
hoe fis rot loboa . ana 


| 
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who, while joined in wedlock to-a refpeétable ‘hufband, andthe 
mother of eleven‘ children, ‘continued,’ for above twent 


to put in practice every artifice of a finifhed coquette, to énfiiare 
the affeftions, and keep alive the paflions, of a gallant, “whofe 

I must that! thefe are 
from a fyftem of morals, with which the Abbé dé Sane and 
moft of his countrymen are but very little acquainted. | I'‘know 
that, in the opinion of moft Frenthmen, ‘a handfome married 
woman derogates not in the flighteft degree from the'rules either 
of virtue or of ftrié&t propriety, while the amufes herfelf with 
the gallant attentions of all the young men of her acquaintance ; 


and the moft intimate ‘reciprocation of tender fentiments, while 


it is only an affair of the heart, is tefmmed une belle paffion *; This 


is precifely what’ the Abbé de Sane fuppofes to have been the 
connection of and of Laura,® "befiéged 


with ardent and importunate folicitations, ‘which’ had’ for 


their object the ordinaty rewardsiof a lover.' ‘She never’ actually 
diffonoured ‘her hufband’s. bed but: fhe made'no fcruple to 
avow ‘to het lover’ that Her ‘heart ;was' fenfible to: ‘hie flame; 


though at times fhe found it neceffary to feign ‘figour and 


coldnefs of demeanour order ‘the’ better to’ keep alive the:ar- 
dour, ‘of this paflion.:"“ Par petit: the Abbé, 
cettevalternative ‘dev favcurs et de rigueurs Bien une 
“femme tendre et amufe, pendant vingt et un ‘aie, plus 
paflion)... Thus, in {peaking of, Avignon, he fays:  Une-ville qui} fait, Bigire de 


Favoir élevé dans. fon fein, « etd’ avoir le théatre, une pyffion ancte, qua 
{piré de fi. beaux vers.” “Mém. de Pet: tom. ip And.the fame.ex 


tém: i. where the’ Abbé propofes paffion of he “poet for the 
efianother man, “ as a.model for. all tender and virtuous hearts.” 


la. Vie, de Préface Frangoiss Sc. 


pas plurdt appercu les nouveaux efforts. quid, faifoit pour brifer 
fes fers, qu’elle mit en ufage pour Ly. retenir, les, petites rufes 
“ dui, fi bien air moins: 
anots paflant,” Mémi. vols si 


Laure ne pouvoit fe.refoudre a, perdre un amant 


« de cette: ‘trempe, qui Paimoit ans,et qui faifoit de 


“ fi beaux vers pour elle ;. Je, rencontrant un: jour. dans, tes: raes 
“ d’ Avignon, elle jetta fur lui un de ces regards qui faveient. fi 
bien le ramener.’.. Jbid, p. 383.‘ Ces petites rufes d’une 


coquetterie.. innocente, que Laurt favoit fi; bien ,mettre.en 


Abbé has formed. to .himfelf of character of ‘a refpeCtable 
married womam,,.and. the mother. of a family ; une femme tendre 
et Jagey who’ has. the art to keep alive, by:all.the tricks. of a co- 
-quette, the. paflions of: her gallant .no.lefs than twenty-one 
years; and all this /ans faire la moindre: breche a fon bonneur.. Ob- 
ferye too;\thaty for. the: better part of this. period of .fafcination, 
the lady herfelf could owe little: of her! power to: her. :perfonal 


charms; for ,#fiour: author’s hypothefis be true, iand Lavra de 


Novs, the wife of; Hucu, de Sanz, was. the miftrefg of Pr- 


-TRARGH, this lady muft have been a grown. woman before: her 


marriage in the year. 1325 ; ‘fhe had been married three years be- 
fore Perrarcu firft faw her ; fhe bore eleven children in the pe- 


riod of their acquaintance}: and ‘fhe ‘died -when, fhe--was about 


forty years of age, with all the /ymptoms of an exbaufted conflitution. 
Yet all the while, this hackneyed. and antiquated coquette, re- 
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cher petit manege of alternate favours \and \rigours the 
vhead of an infatuated:enamorato, whofe paflion-was in/itfelf an 
affront to virtue and morality, and amufe him :fora lifetime 
with tHe expectation of favours which! fhe’ is determined never 
grant... Such, inthe fyftem of’ the Abbé thei all- 
-aecomplithed and fuchi the refpeQable and virtuous'Pr- 
oTRARCH. How abfurd, how difgufting, how ‘contemptible’ the 
‘oney how weak, how culpable; how difhonourable ‘the other! 
Bout ‘let us now: examine ‘the’ particulars that: evidence on 
this author: has. built an ‘hypothefis; fo degrading to:thofe 
charatters whom has: hitherto united ‘to venérate rand 
Abbé de in a note at the *the firft: vo- 
of his work, given a fhort abftract of the arguments*which 
drawn ‘froni the works of the poét himfelfy'to 
the Laura of PETRARCH wasa married woman. | em ‘take 
the order in which they ate given 
Atmost all the world,’fays he,“ has believed 
unmarried le monde.a cru que Laure étoit fille, 
downas) a propofition ‘abfolutely. certain. 
certa babbiamoda tenéreche non foffe matmaritata:: 
~verthelefs,” fays her“ it: is an ‘undoubted trath «that: the was 
“la married woman. ei himlelf exprefles': it ers 
“manner as! too put it-beyond/all queftion.es bs! ods 
“amd, inefpeaking of dapria, the her, ‘im 
in he ‘works, abwaye donna, and: never 
by, the, author of shel, Remarks) and printed, i, 298 bie! 


{ymmary is given. of the Abbé de ADE'S proving Lavra, t to. be a 


married woman, to which the antwers “are in ‘fubftance much the fame with arhat 


‘the! reader will: find “heté, ‘though they‘aré now! given‘in ‘a’ more ample aad. 
1 Atepathened by additional matter of proof from the writings of PeTRARCH.. | 
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vergine, donzella, appellations. always: applied’ to unmarried 
_“ of Lauwa, of the garlands fhe wore‘on ‘her head, of the: jewels 
“ and pearls with which fhe braided: her™hair ; and, in: fonnets 
151, and he mentions the’ magnificence of her.garments. 
Now, in’the age of: Petr arcu, the young unmarried women 
wore neither garlands, nor pearls, nor jewels; they. were 
“ jealoufy often deprived him of the pleafure of feeing Laura. | 
* Some commentators have indeed: fuppofed this: to meant 
“ of the jealoufy of ‘her parents, ‘watchful over the ‘honour of 
“ their daughter: but this is a forced: and unnatural conftruc- 
“ tion; for the term jealoufy, gélofia, has never been applied to. 
“ the watchful care.of parents for the honour of their children. 
gto, PETRARCH, ‘with the intention of celebrating ‘the vic- 
“ tory which Lavra had gained over love; compofed, after her 
“ death, a'poem, entitled’ The Triumph ‘of Chaftity, ‘Trionfo 
“ della Caftita. If Laura had been a virgin, it is clear that he’ 
“ would have entitled his-poem rionfa della Virginita. In this 
poem, too, he would have’ given’ Lavra virgins for her at-. 
“ tendants; and not: married women.” Now, thofe: who follow 
to'the Temple of Chaftity, are- Lucretia, PENELOPE, 
JupirH, Divo, the Greek Hirro; &c. all. ‘married 
“ women. The fingle exception is.a Veftal Virgin.”: = 
Tuese, the author of the Mémoires acknowledges, all, 
amount to nothing more: than‘ ftrong’ fol- 
faye he; fomething more conclufivé. 
PETRARCH; in one of his dialogues-with St 
in {peaking of Laura, fays, her. was exhaufted by 
‘Vor.V.i—P. | frequent 


* 
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“frequent childbearing ; conpus-ejus crebris partubus exbauflum. 
It is true, that the word partudus is: thus: abbreviated 


“ manufcript ptds ; and, as it was formerly the current-opinion © 


“that Laur.’ was unmarried, thofe who hadiithe charge of 
“ printing the Latin works:of the poet, liave thought proper to 
“ interpret the abbreviation: perturbationious, and touprintit fo 
‘* in all the editions of thofe: warks : But-it. ought ¢ertainly to 
“ be read partubus, for thefe good reafons : That the epithet 


orebris meansia repetition of and therefore applies:berter 


“ to acts of childbearing ‘than to: paflions.. If, the author; had 
meant the latter, he would have coupled the noun with multis, | 


inftead of crebris. But what paffians can we fuppofe.to have 
 exhaufted the.conftitution of the moft.prudent.and modeft of 


women; who léd a life fo imple and fo uniformn?. In the next 
“ place, Mefirs CAPERONNIER, Boupor ‘and: BEJOT, of othe 
“ King’s Library, who rhuft be allowed: to be.geod judges of 


“ the abbreviations that occur in} :old- 


cided, that partubus is the proper reading.” 
—$ucn is the whole of that evidence, drawn wr Abbé de 


Sane from the works.of the poet himdelf in fupport of thie. new 
hypothefs, that LauRacwasia married: this,.ievi- 


dence, which, it will be allowed) is! of iclelf extremely. inconclu- 
five, I fhall now make fome remarks. take. he: 
in. the order in. which they 

Fur femiva, in Latin, and 


Italian, are equally applicable: :to, unmarried 
women. Muher:and the :fex. alone, without, refe- 


rence to the or conditionc:. US; his Origings, xi. 


c. 3. fays: Digitur:igitur mulicr feoundum foeemingam fercunty non 
fecundum cornuptionen integritaiie flatin fata. de 


“ latere viri, et nondum. cantata a Muliar appellgra, 

“ cents Scriptura, Et format cath. in 

where there is. precifion, inith¢ of 
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applied : to. 
niearvhed mete: tha the pyth law: of tie Codex 
de dowaty ante: nuplid'sy the ‘title: Dears; “4 Donatio nuptias 
“falta mulieri‘in minori‘atate; now (8c. Fa- 
‘hte ‘Thefaerus, obferves, onthe sword maker Varic 
‘aecipitur alignando de: dicitur, et 

the’ fame’ manner,’ and ‘madonta: ships ‘thie 


when ‘fpeaking' either of’ unmarried or of miafried wo- 
meni: Every Italian poet terms his miftrefs donza and madonna, 


Thus; the 35th canto of the On 


li 
a and in hin ane = Fe, 


2% fe incor doa fo fee 


Thus too, Boce ‘the to,the Decamerone 


Gratiofe ¢ nobili donne, meco benfando, &e, 
A 


A 
9 
| 
| 
. 


EXAMINATION of an. HISTORICAL HYPOTHESIS 


A thoufand inftances of the fame kind might be given; to thew; 
that this’ criticifm’of the author of the’ Mémoires:on-the-words 
mulier, femina, donna and madonna, has no folid foundations,“ 
Tue author of the Mémoires, when:he fays’ that, in‘the 
age of PerrarcH, the unmarried women were always fimply 
dreffed, and that the ufe:of garlands; of pearls; and«of jewels, 
was peculiar only to fuch as were married; affumes a*faét of 
which there is no evidence. Muratonrt, ‘in: his- twenty-fifth 
_ differtation on the drefs of the middle ages,:prowves;ithat in the 
north of Italy, about the time of Perrankon, the.drefs of ithe 
women was remarkably fplendid’; and-he makes no diftingtion 
between the drefs of the married,and of the tinmarried women. 
He quotes a monk, ANEvS, who, inveighing:againft the lux- 
ury of the times, fays: “ Mulieres fimiliter ‘in pejus omnia mu- | 
~© taverunt. namque ftragulatis veftibus, fcopato gut- 
“ture et collo redimite fibulis aureis, gyrovagantur. Sericis 
“ et interdum aureis indumentis veftiuntur: Crinibus’ ctifilatis 
“ more alienigenarum capite perftringuntur. — Zonis aureis fu- 
percincte, Amazones. effe. videntur.” Murat. Antig. Ital. 
tom. ii. p. 417.— Tf fuch was the fplendid attire of the women 
in the north of Italy, the Court at Avignon. 3 importing _ thence 
both its manners and its fafhions, would not, it is probable, be — 
behind their models ‘in dréfs, as in’every other fpecies of luxury. 
We have the authority of the Abbé'de Sane ‘himfelf for affirm- 
ing, that, under the pontificate of CLEMENT V1., the drefs of 
the women at the Court of Avignon was fplendid and lixurious 
in the extreme, (Mém.de Per, tom. ii. p..92.)4, and that this af- 

fetation had reached even’ thei lower claflesy:appears from a 
proclamation, which ‘it ‘was. found: time after- 
wards to iffue, prohibiting’ the! ufe of ‘gold; filver, ermines or 
filk, in apparel, to all women, unlefs the relations of the Po 
the wives and’ ‘of ‘the Lord Matefchal and ‘Lord Vicar, 


the Ladies,o of, Qualiey, of city *, Now, 
from. the evidence of this ‘document, extending t the exception t to 
the mives and daughters of perfons.of a\certain rank, we are un- 
to that his, fplendour. and. 


2a 


married and married ‘women. “We ¢ know for certain /AU~ 
‘RA woman, of, noble. blood. . , OF, this: ‘the poet ix in 


in numberlefs paflages of his. writings, nfideying, t 
her yank and condition, her. drefs. will. appea | 
play;n no extraordinary taagnificence. In the roth fonnet, Se 

mia, vita), the poet fays no. more ‘than that his. miftrels wore 

garlands and green. clothes Te... ‘In the. 162d fonnet, ( Laura 
rena, ), he fays, that her. which. formerly, the wore Joofe, 
was now braided and ‘adorned with pearls and jewels we a ‘cufte- 
mary diftinétion of drefs; as CasTELVETRO remarks, ‘between 
young girls (fanciulle),. and grown women, . Now, if the re- 
mark of the Abbé deSapx be. juft,: that this: mode of adorning 
the hair:was peculiar to married women, thofe paflages which 


indicate that Lavr4 adorned her hair in that manner will prove 
a, great deal more thanthe Abbé intends they, fhould do : for they 
will, demonftrate, that was with 


minabus de parentela domini noftre Papa, et uxorum ac filiarum dominorum 
Marefchalli et ‘Vicarii, et exceptis : “etiam dominabus_baroniflis et majoribus in civi- 
tate habitantibus, nunc et in futnrum aule fit poitare in aliqua rauba feu veite, ali- 
quem reverfum de fubtus nec ‘de fupra, neque ih martis vatidrum, erminiorum, feu. 
quarumcunque aliarum pellium, fen rerum, 4 five de auro, de bs pom nec de ferico,”” 


| 
i 
‘ 
, | 
| 
| 


while she was as they prove, ‘He had! forierly 
he er while the wore io her head, Bur appea 
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with ‘her ‘hair’ Nook, ‘unbraided, ‘and ‘quite? whadotnied, the 
Abbé fuppofes't to been the fathior n of the young 
women. Thus, i ‘inthe’ '¥62d' fornnet, ‘above’ ve poet 


‘The fetenity of the air, and the. return of fptitig, BHig 
my. remembrance the time when it firft felt the power of 
s Jove ; 3 “when I firft beheld that beautiful Coulitenanice; ‘and faw 


thofe golden locks loofely waving in the wind, which are how 
braided and ‘adorned With peatls and jewels Aina Tike! 


wife, it in ‘the’ Goth 4. deferibing the time when he firft 


faw Laura, he fays: golden ‘treffes were. then 


{catered by the wind, ‘Which twifted’ them into a 'thoufand 


as the Abbé this braiding aiid 
adbrnitig’ of the hait“ tiarked ‘the! dittingtion' beewedir 


‘ried’ and ‘tihtadrried ‘in'the age of he 


adinit, on the evidence of thofe paffages where her headdrefs is | 


| fo defcribed, that, a at t the time when the ser: was * firft ac- 


E le chitme bor 


Albora fciolte, foura or terfe biomdes 
ihe quali ela fpargea sh 
E raccoglica con si leggiadrs 
Che ripenfando ancor trema la mente— 


v | 


= 


wore baix, 30. dgofe single he: um- 
tance his whole. hypothet helis de 
Nowzs, was married, to Hugs, de Sa DE, has, fhewn 
frombis, own, family documents, in 1325 ;,and,PRTRARCH faw 
bis Laura, for, she, fit, time.in. 4327, 1 fhall Jeave. the Abbé 
for. my, part, fee, ne poflible means 

Bor,.the, authan ofthe Mémoires, has,,.on., the, fabject of. the 


mifunderftoad,, his fonnets 4514.41 
158. T in proof of that richnefs of apparel, which he argues tobe 


chara¢teriftical of her being a married woman. The firtt of 
thefe fonnets is comparifon' of the poct's miftrefs to the fabled 
phanix, which is thus, defcribed. by: \® Auri fulgore 
circa colla, cetera purpureus, ¢ coeruleam rofeis caudam pennis | 

this ‘fonhet,' defcribes’ his’: ‘beautiful | Pheeiiix § cher lovely: ‘hair 
artlefsly floating: about her neck, and thus: forming a 
natural nécklate Of golds her fiidtilders covered with a 
garment ordered with azure *; ‘thud! th point! fem bling 
the fatned ‘Arabian’ patt of this defeiption, 


‘4 candid t | 
arte caro monile 


Che pet lo noftre ciel st altera vola. | 


+ 1520) and bed the Venice editicn, 56. 


: 
i 
| 
| 
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applies to the: hair, is” evidently 
moft fimplicity of female decoration, ‘ahd'therefore! lend iné ‘aid 
to the Abbé’s laboured argument. The lattér’ part *Geferibes 
only the: colour of the: garments: of Lavra) ‘and ‘might apply 
equally to.a fine lady, and to:a country, ‘who: ‘wore 
crimfon cloak with a blue ‘border: ‘As’ to’ ‘fonhet whith is 
quoted. as proving that Lavra wore garments embroidered’with 
gold and pearls, our author has fallen into @ very erofs! miftake, 
in giving, a literal méaning to’ what is entirely: figurative.’ The 
there! ‘fpeaking, not of ‘the drefs or garments; but’ of the 


This thus: ‘properly interprets « | 
in guefto luogo fignifica corpo, che come. abito e veftimen- 
« uto.al’ anima, il quale ¢ ornato di maravigliofe bellezze e ma- 
niere, che egli fignifica, dicendo, chel’artelo | ‘ndora, e "mperla, | 
e’ nnoftra, sl farebbe xelte,”,. And. fuch is the 
interpretation | which, all. the, commentators, have put this 
paffage. 
3tio, In fonnet 163. +, the poet complains, that jealoufy had 
deprived him of the fight of Laura ; ‘and in fonnet 185. + the 
female companions of Laura make the fame complaint : : butin | 
neither of the paflages alluded to is there the fmalleft hint that _ 
the jealoufy of a hufband ‘was here.meant. ~Unlefs, therefore, 
the author of the Mémoires fhall thew, that there can be no jea- 
loufy except in the breaft of a perfon wha is married, his argu- 
‘ment concludes nothing, ‘The ward, gelofia,, in Italian, is no 
more ig m it ed is in its figaiticationse than or word jealoufy ; 
both 


Laura ferena. “4 Lie, e 


| 


both meaning, the .refentmient of every {pecies.of; sivalthip. «In 


the firft, of the fonnets above mentioned, it is: moft probable that 
the poet meant that; Laura’s own-jealoufy had frequently de- 
prived him. of ithe happinefs of ‘feeing her *.. :gives the 


ftrongeft fupport: is the alociation of dif, 


hy bel 1 vif cbt altri ron te 


And: we know, fome, of. of 


that: Lavra had fufficient, caufe, both of difdain and jealoufy 
It is in this mortifying feature, of an, otherwife - -moft,. virtuous 
and exemplary charaéter, that, we. are to. Seek for. the true reafon. 

of thofe of Lag [RA -manifefted 
towards 


* On this paffage $i intendere di 
Laura che, fdegnata col PerRarca, gli nafcondeffe il vifo ; O, perche foffe innamo- 
rata di fe ele, avefle gelofia che il Petragca& la vedeffe: 


La ne gle Son. 385." 


+ We learn from his Testers, that’ hig for had | not 
ed him) from the indulgence of ‘a mieanér amour, ‘with Woman of tow manners 
and of difagrecable tempers 2 of cousfe, in which the heart had no fhare ; 
and that, i in,confequence of this connection, which was even of fome years duration, 
and was-a fourod' to him of -much difquiet, he. had a natural ‘fon and daughter ; of 


the former of find frequent imention in the | urte‘of thofe 


| 

‘ 
| 
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towards her’ lover, thofe alternateraarks of favour and of cold 
refetve;' and’ that tedious: protradtion: ‘of the fina? veward of ‘a 
inits ardour and duration) 

Inthe 1 8¢th fonnet, where the female ‘compatiions of LAURA 
complain that-envy or jealoufy had'deprived ‘them of 
pany, the expreflion may be meant either of: he¥°owb: Jealoufy, 
as in the former inftance, or more probably, i in this place, of the 
jealoufy of her parents.” in-cafa per invidia o gelofia-de 
parenti,” fays CASTELVE1RO ‘and thé famé author remark- 
ing that fome have fufpected from this paflage that Laura was 


a martied ‘worhiah, acutely obfervés, that’ the“ context ‘plainly 


dicateés' that the dxpreffioit will ‘rot “admit ‘of’ thaé 


. ee conipanions lament, that they are deprived of her company 


by that envy ‘or jealouty which’ repinies at of ano- 
ther, as if it were its own misfortune to 
aby: 
Dogliofe per fn dolce Comporsia 


ij 


The man who is truly jealous,’ she well obferves, “ cannot be 


 faid to repine at the happinefs 6f another, 4 4s if it were his own 
“ misfortune ; for, in reality, it'is his own. “misfortune.” | 
4to, Tue author of the Mémoires ix.equally. ill-founded in the 
argument he endeavours to draw from the title of the Tricnfo 
della as in moft other cfitical remarks. Caftita' in 
plicable to a virgin .as. to. a, married, woman, icele- 
brated for::her. chattity aswell..as: Some’ of ithe 
Do@tors have even‘ limited’ the application of the term’ ‘Chigfity 
to fach as” are et continens,” fays. AS, 


* fic differ unt, quod ante nuplias sontineas. vere: of 


4 


eye the Abbé de SADE,” had: virgin, the: 
poer would, in this compofition, liave ‘given her virgins for her’ 
attendants, and not married worten,” Thofe who follow her to’ 
the Temple of ‘Chaftity; fays*he, ‘are ‘all: married’ wothen, with 
the ‘exception of a Vefat: our ‘author is‘ guilty of 
a grofs mifreprefentationy poeni “of the Trionfodella 
Caftita, PerwARcu; fo' far from citing examples only of 


Ionian porria le benedette 


e con : altre fete * — 


| together with Vincrnra and the Veftal Tvecra. We have here an 


am well aware ‘ofthe doubt that! fids\ by certain grave 
and learned ‘authors, with: regard to the; virginity of the Mufes. As to 
indeed, the matter was paft a doubt ; for her amour with Ceacrus, king of Theffa-: 
ly, was proclaimed by the birth of 2 fon, who made {ufficient noife in the world, 


the famous and therefore. UGH. has very guardedly exprefled 
eled 


For this Jady, though. a, mather, oF this i is 


fufficient to refute ouf author’s. -affertion that had here given an at. 
tendanice ‘only Of maftied women, to to the may have 


their failings in private, (and every one of them has fuffered from the breath of 
{candal ; fee t Menagiana, t. 2.), their fate of celibacy i is authenticated beyond all que-, 
ftion’; and thuft in confcience believe, that PETRARCH bad never heard any of thofe 
curious and feéret anecdotes of the’ lives of thole” indies, which fhe, 


‘ 

i 

| 

| 
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example of unpardonable difingenuity i in. our Abbé,-which; oc- 
curring inj.an, inftance ‘of .eafy deteCtion, joftly, render. 
fufpicious, many of thofe authorities‘ which he. pretends to! have. 
drawn from, private fources, fuch asthe archives of; his! ownljand: 
other; families,.where 4 it, is-impoffible ‘for others ‘to follow him: 
and inveftigate the truth of. Aor 

BerorE I leave this argument I mutt, obferve, that; by adopt> 
ing our author’s own-mode of reafoning; the works of the poet: 
will furnifh us with fimilar evidence, direétly deftructive of his 
hypothefis. If the ate.of Laur a; whether married or un- 
married, is to be .determined from. that of her ‘companions or 
attendants, we find, in many other paflages of the poetical works 
of PeTRARCH, that he ‘affigns to: her an»attendance:of virgins. 
Thus, in the 11th eclogue, in which the: companions of LAvRa 
lament her death, under name of one of 


addam cetus, ritusque verendos. | 
And in the 3d eclogue, employing bis, allufon, the 
verdant Laurel, under ings figases his 


gto, THE laft of the arguments suthor of 
the Mémoires, which he gives as in a manner conclufive on this 
_point, is that which: is drawn. from the “dialogue with St Av- 
GUSTINE, and confitts in the interpretation’ to con-. 

fearch and. deep erudition. of modern ‘anthors has ‘brought to light, other wite, les 


would not have made them the attendants ¢ of hig Lavns, married or. neh ta 
the Temple of 


| 
} 
i 
r 
i 
i 
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knowledged: that vall: the» preceding: arguments: !amount only to 
ce ne font la aprés tout, que de tres fortes conjectures, ) 
might certainly haye:included the .laft with equal propriety un- 
der’ the: fame denomination, . His interpretation of the word 
ptbs) ‘evidently:: amore /conjt 
which we have his:own opinion, 
Meflieurs and. Bryor of the King’s Li- 
brary y although, amongthe Pieces. ju/tificatives, we find only.the 
certificate! of one -of thofe gentlemen. (CarrERoNiER) to that 
>and this. expreffied with fuch obfeurity and confufion: of 
idea, dat we cannot tell:what are the characters in the two ma- 
nufcripts.,he-mentions.*, » But: one thing is plain; before we 
car admit any conjectural interpretation of this.contraction, the 
Abbéde prove;i that the two) manufcripts :which 
bear this contracted: word ‘are: the ‘oldeft of all the manufcripts 
_ of the writings of Perrarcn; otherwife his argument concludes. 


as PERONIER, Garde de la, Bibliotheque du 


foatigné, Garde de la Bibliotheque du Roi; certifie, 
Roi eotté 6502; contenant un- ouvrage de. Perranque,’ intitulé,“* De confliGiu. 
eurarum propriarum, ad AuvoustinuM,” lit, et. qu'on doit lire: 
‘Corpus, illud egregium morbis ac crebris. partubus exhanitum: multum priftini: 
vagoris amifit lefquels mots fe trouyent encore. dans le manufcript 6728. 
cod. 29. pag. x. of ils doivent étre lus de Ta méme manigre. En foi de quoi, yai hy io 
le certificat, en. Vhatel de ce 16 Join’ 1762. 


not appear les manuf¢ripts men tioged ‘bear 


the Abbé de Sanit here-refets beating When” Carrenowien, there-. 


fore, declares, ois et ‘lines fo and: fos the expreffion is as ob{cure and 
tate, ag the and prefumptuous, 


| 
| 
| 
| 
| 
| 
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ed editions, that ‘the. word ‘Ou; 
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at fulblength, pertar bationibus, the abbreviation iri thé later manu- 
foripte muft be‘explained in thatmanner alone» Now; the Abbé has 
not taken: upon:him ‘to.maintain, that: thofe two:which: bear the 
contraction, pts: are\the moft ancient of .all the: mannftripte ; 
knowledge to the: contrary: «But, even:.were:we to: alloy; that 


thofe two manuftripts were! actually proved: to be:the moft.an- 


cient, let us fee what could theace be:concluded, the dther 
which we fhall thofe rwo 
it at full, lengthinos : 
partubus, as M. de SDE woul have it read, but perturbationibus, 
Now, it will not: céertainly.be :denied.:that the writers of: thofé 
‘old manufcripts, and theieditors of the oldeft printed éditions,o 
the former of many. were: probably cotemporary with 
the. author;:and of: the: latter :alls livedat no great diftance ‘of 
time mich: better able to and to 
pret the abbreviations of the oldeft manufcripts, than thofe criti 
who-have examined them at the diftance of 
from the time when they were written, Even admitting, therefore, 


that the Abbé had proved his two favourite manufcripts to be 


the moft‘anéiene of all extant, and that the ‘queftion were fimply, 
What : is the moft natural interpretation, to be given to this con- 


traction? owe. haye, is in. oppefition. to. his. opinion,.and that of his 
_ frrends: of King's. ‘Library, the authority of all 


other thantifcripts of the’ works of Petr'anch, aiid all the print: . 
ht . to. be’ read Rot ‘but 


Bor I fhall make the the Mémoires a ftill more impor- | 


thua while the xeftihave.it.at full. length. perturba, 


“the of thie author's works had 


‘ 
~ 
| 
\ 
« 
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bone the ‘word ‘thus arid’ that ‘the-quenion were, 
Whether it ought't6° be? pantuba or ? 
This queftion/ mull be allowed; would-be eft ¥efolved By Con-_ 
fidering’: ‘the ‘feiife of ‘the Content? Letts nvw, therefore! 
ithenté PETRARCH inf the “dialogae ih 
queftion} Coniverlation between himfelf and 
INE, which’ ‘the datter°is ¢hdeavouring’ ‘tO Hitt Of'the 
impropriety of ‘abandoning -himfelf to’ the influence of a paflio 
whofe imperious ‘power had enflaved’ to’ itfelf, and rendered 
fubordinate; very fécling of ‘his nature. “Among other argu-— 
mefits; "he urges thé folly*oF ferting” ‘his whole’ affection‘ or'an 
Objet of which’ déath thigh {oor deprive 
anfwers, that he hopes flvall' ‘never ‘live fee*thar day 
obferves; that; ‘in the courfé of nature) Laura’ bein the young 
ef, To this St'Aucostrwe replies)that 
an nevetthélels the mioft probable: “quad corpus 
egteginm ‘mor bis ae crebris. ptbs: exbaufium: muitum:priftini 
“ vigoris amifit.” Whether ought we, along with’ the edi- 
tors’ of the’ pri ririted ‘works Of PETR ARCH, ‘to’ explain ‘this’ ¢on- 
traction by perturbattonibus, frequent ‘or: confits'of 
r child Dearitig ? anfwer inimediately ‘Wade by 
mutt refolve the doubt. id probable,” faye 
that thodgh the ‘younger of the two, will 

‘bE the of death for by much 
aswell a Tot great’ deal’ of 
‘mér vigour.” F 106,” fays PETR: ARCH, “have had my fhate- 
of tiental inquietude, ‘and that fe ‘rete than hers, and Fam: 

Confiderdbly tibre advanced in Life? eb chris gravior, 
et atate provectior faalus Jum.” we ad nit: the read-- 
ing, the reply is‘rational and confonant : : [have fuffered.from. 


the ‘ime and thore thai fie has:” ‘If we'adopt the'inter-. 


| 

| 
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pretation pf the Abbé.de'Sane, the reply is. equally bfurd,.and 
impertinent to. the obfervation:that precedes it, 
regard to the. critical decifion: pronounced the 
Abbé. on. the meaning of the ,word. ereber,>, vite it.4m- 
ports a.repetition.of ;aéts, and that, it, cannot «with propriety.:be 
applied, to pa/fions at had certainly ‘been .proper.that, he; had 
fapported this judgment either -by fome, authorities of, profefled 
grammarians, or. examples. from..claflical. writers... He jhas.done 
and that-for the. beft:.of reafons; he had none to pro- 
Greber, as. we find from the, beft authorities, is ufed pre- 
in the fenfe of frequens. or ufiduus ;and is, therefore, with 
-perfed propriety, applied,as,well;to; paflions as.to acts. ob- 
ferves, that had: perturbationibus: been, the. proper. reading, : the 
author would have: coupled. 4 it with multis, and not.with credris 
_a.remark, betraying ignorance of grammatical,,precifion: for 
who is there that’needs to.be told that mu/tus, applying to num- 
ber, can with no fre of 
to have: exhautted the. conftitution. -of the. moft. prudent 
and modef.of women; who Jed a life fo /imple and fo uniform ? 
To this I anfwer. by another. queftion : ‘How. can ‘we, ignorant - 
as'we are of the private and domettic hiftory ofthis lady, pre- 
tend fay. what .caufes. fhe: might,.or might: not have had, of 
anguifh’ and. difquiet?, How ,many;,women of prudence and 
of modefty. are, from unayoidable circumftances of fituation, 
the victims of .mental, inquietude ; ; and, experience, even in.a 
life of the utmoft privacy, and. retirement, the keenett, anguith, 
from the. turbulent pafliong; the malice or Caprice, of, thofe 


a3 


thofe arguments ‘drawn. it the author of the Me émoires from the ~ 
works 


| : % 


fic evidence.in fupport of the part’of his’ hypothefis, 
‘namely, ‘that! Lavra! was'a married woman} Pthink 


prefume too much when fay; that Ihave thewn °their’abfolute 
infufficiency: to prove'that propofition: » Theoqueftion might 


therefore be‘ fafely lefe heres inthe :hypo- 
thefié which’ is newly brought forward * in oppofition to long 
eftablithed belief, anid the concurring affent; for ages, of all:who 
have been’converfant withthe matter of inquiry, and whichis 
fhewn: to reft-onnobafis, either: of “hifto 


proof to lay it in the daft: Bur/ ae octafion 


this hypdthefis,' and an «abundance of »matter ‘of imiport 
muft offer! itfelf to all -who‘have examined thofe works with. 


this ftock of the evidence, before I leave of the 


paflages i in his.profe: works, where that. favourite topic 1s. occas 


fionally treated, and. length... In. the 
Vor. V.—P. Il. : | | whole: 


* Tuis may be new one ; fince, although 
and fome. of the commentators om the Sonnets of Perranca have, in their obfer- . 


vations. on eértain paffages which the Abbé produces. as. proofs of 


theory, remarked, that a fufpicion might thence, arife that Lauaa was-a. married 
woman, pone,of them: have ventured to affirm (as our anthor) for certain, that 


the was, On the contrary, conclufion, after confefling the very 


imperfe& information which ‘eould be .colleted relative to;the, family, and cone 
dition of Lavra, is: “ Percofa certa babbiamo da tenere ch’ ella non foffe mai mare 
“ tata."—" We muft hold it for a point wn certain, that the was never maz- 
ried.” : 


works hithfelfor may ‘be:termed she. intrin- 


ical ‘evidence ‘orof 
found reafoning, does not require the confutation of: oppofite — 


anzom 
fongs, and 6. trionfi large. volume, of poetry, entirely on. 
fubject of his paflion for, Lavra; not to,mention a. variety, of 


| 
| 
| 
| 
any attention, I am prompted’ to draw ‘yet: alittle ‘more’ from 
| 


~ 
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whole of thefe is: not “to! be. found. a 


which intimates that; Laurawas a married woman. it 
be conckived that the poet, who has. exhaufted langnage. itfelf 
in. faying every thing. pofible ,of maftrefs ; mentions 
not only her dtefey her geftures, her, converfations ; 
but lier companions, ‘ier favourite walks and her, domettic) o¢ca- 
pations, would, haye omitted. capital. facts, a8, her being 
of. children 5, anarried too,,a8,the 
author of the Mémoires ‘aflerts,.to a.man; who, was jealous, of. bet 
and who: ufed her with harfhnefsiand, PETR 
‘Wouwn:this barthj have, permitted 
this avowed admirer of this -wife, this. im portunate: gallant,: who 
followed her. ‘asiher; fhadow:, wherever, fhe went; and.attended | 
her/in town: and. in: the country, to fee 
weith hér-alone, to write-to- her,; tocmake:afhgnations with her, 


_and'torfend heriprefents a9 tokensiof that. 


Petparcu enjoyed: dll liberties, is evident from. number- 
lefs paflages of his works *, That the poet and his miftrefs 


were wont evento walk together in the public gardens, is 


evident’ from the incident. alluded: to “in ‘the’ 208th fonnet, 
‘Due’ rope “A friend, who ‘niet them together if a gar- 


den, ‘taking ‘them “both by ‘the ‘hand, prefentéd’each with a 


‘Yofe, declaring, at'the fame: time; that the’‘fun ever a 


truer par of lovers: ‘Amd: that their’ ‘the common 


Perch’ tot? bubbia. Quando giunfe 14 Perebo 
Canz. 15. Volgendo git “Bon. Se Cane. al-vifo. 
Canz. dolce tempo.’ Soni Mille fiate. Canz: 8. debiles Trianf.. di 
Morte, cap. 9. Bec. En the 42d fonnet, (Se tol ') #PetRaRcH complains 


Lavra had’ failed an ‘appointment ‘that “thé tad ‘made ‘with him, and:in 


which, he had: he’ was to be: ‘in: declaring his 
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difdourfe of:the publics appéats from: many 


oat —— Si come al popol, tutta.) sod 
side fa gran,sempayande faye! tort ots. 


PETRARCH, in the. 200dth fonnet, (Real natur a)*, 
cone, the. following remarkable. anecdote. At a brillians, af- 
fembly, and feftival, given.on. occafion of. the, arrival of a fo-. 
reign prince at Avignon, Laura was. prefent, along, with the 
moft:diftingnithed, ladies, of. the place,,..This prince, whom the 
poet. celebrates as a moft, amiable and. accomplithed, character,. 
curious to. fee. a lady of whom, the of. PETRARCH 
the ‘and. foon difcoyered her, by, hes fuperior beauty and. 
the gracefulnefs of her. demeanour. Approaching her with an. 
air of gentlenefs united with. ‘dignity, and making a fign | to the 
who her. ftand. a. little. he took 


a “4 


veramente degno di-quel pettos 


adornar il di fifto 

altre maggior di tempo, o di ‘fortuna 

Gli vtchi, ela:fronte com fimbants ob 

Me empie d’ inwidia atto dolce 


‘Sendo di donne un bel numero eletto- 


a | 
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thethand) and (after the fathion of His coutitry) faluted hery: by’. 


kiffing her forehead “and “her *eyes: a’mark of regard, {ays the. 


_ poet, which was approved of by all the ladies who were pre- 


fent, but which he himfelf beheld with envy.- "The commenta- 
tors are not agreed as to the prince of whom this anecdote is — 


recorded. M. de la Basti is of pinion that it was RoBERT, 
King of Naples, who is known to-have diftinguifhed PeTRARCH 
by many marks of ftiendfhip and beneficence, and’ ‘whom the 


poet has, in various parts of ‘his writings, ‘celebrated with the’ 


| higheft eulogy : : ‘and this is likewife the opinion of Bemso, DA- 


NIEL, and others. ‘The Abbé de Sabe, on the other hand, has" 


adduced fome flrong arguments to fhew, that the prince heré 


alluded to was CHARLES of Luxembourg, : fon of Joun, king of — 
Bohemia. ‘The difpute, as to the perforis, is of no confequence ; 
the anecdote mutt be admitted as true; and it has’ evér been re- 
garded as hi ghly. honourable both ‘for the poet and his miftrefs. 
In that light we are affured it‘was confidered by the’ ladies who 
were prefent ; and, as is it is no part of the female chara¢ter, to 
view with complacency an unmerited preference fhewn to a rival- 
in beauty or accomplifhments, we muft hold this as an une- 
‘quivocal proof, that they confidered this ‘flattering mark of di- 
ftintion as defervedly beftowed; and, of courfe, that they re- 
garded the attachment of PeTRARcH and of LaurA as an ho- 
nourable and virtuous flame. © “Now, let it be: fuppofed, with 
the Abbé de Save, that this lady, thus highly diftinguifhed as 
the object of the poet’s paflion, had been. the, wife of a man of 
rank and chara¢ter, the: mother of :a family,.is it poflible to be- 


lieve that this foreigti’ prince; who is defcribed as a paragon in 


every courtly accomplifhment, fhould’ ‘have thus openly braved 
every law of decency and of propriety,. and, in,a full affembly 
(met to do him honour)-have -infulted,: not..only the hufband 
of this lady, but woman of ‘honour’ ‘or “of virtuous cha- 
racter 


-yatter who it to the hufband 
of this: lady, ftronglyimpreffed with the feelings of jealoufy on 
the fcore of this..ardent attachment; ‘as this author :himfelf. 
_prefents him to have been, and who, in all probability muft 
himfelf have witnefled the incident here recorded, fhould have — 
filently and tamely fubmitted to this grofs affront? Is it poflible 
to figure, that the whole affembly fhould have’ ctowned with — 
their this glaring and violation of 
rum 

witneffed the mutual expreflions of this ardent paffion for the 

{pace of twenty-one years, that his wife was alive; but have com- 
phifantly permitted: her gallant, or a-friend under his charater, 
to embalm the memory of “his: miftrefs: bya raptarous love-ele- 
gy, to be inclofed in ‘her coffin ; the laft infult ‘which’ the ho- 
nour of a hufband ‘could fuftain ? ‘Yet this, we muft believe, if 
we adopt the hypothefis of the Abbé de Save: For, if the ftory 
of the leaden cafket has any truth in it at all, (and its fuppofed 
truth ‘is the*main prop’of that’ hypothefis), this elegy or: forinet 
muft' teen ‘written,’ either ARCH or 
friend affuming’ his'charaéter: 

Aw amour of this kind, woman, tas: 
ther’of ‘a ‘fumerous family} whatever colours this’ teve- 
rend’ author, the laxity of the ‘morals-of his cowutry ‘may 

choofeto‘palliate and difguife it,’ was in itfelf an’ offence both a 
gainft religion and morality, and: muift have been ’vicwed by’ ‘the 
poet himdelf in’ a Criminal light. “But the‘getie¥al morals'of 
PRARCH® ‘were exemplary, his*vittue! ‘was! évén' of a: rigid 
and, if at’ any’ time he was éverpowered by the ‘weaknefs’ of ‘ru 
manity; his mind; naturally of an ingenious ‘frame, fufféred the 
kéeneft contrition) and ptoi to ‘4h ‘ample ‘atohement by a 
fincere avowal of: hig’ fale” howéver, “HE never 

confiders 
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confiders his paffién for; Laukai:iOn the-eontrary, it’ appears 
to have been his: glory and: pride, and: 
‘Datei ti. vien: ba zit DAF 
fegui.al fommo bent’ inving 
Poco prezzando quel ch’ ogni. buom defi 
Da lei.vien Ll’ animofa leggiadria, 
EP al ciel ti forge per deftro Jentero 
that pute flame; herice rais*d her on 
.Indignant, the vulgar, traim 
Of, earth-born fpirits prize. O. beft of 
That chear?ft hopes, that proudly , lift the fal, 


rt 


GUSTIN E, nil turpe,. obfceenum,, nil denique. preter mag- 
“ nitudinem culpabilis.”” Dial. de. contemptu. mundi...“ yor 
venilem. animum .ab..omni.turpetudine revocavit,. ancoque 
“ retraxit, atque alta compulit fpectare.” Jbid...‘“. Amore. acer- 
rimo, fed unico et honefto, in, ,adolefcentia laboravi, et. diutiis 
“ Jaboraffem, nifi j jam, tepefcentem 1 ignem, mors. acerba, fed uti- 
lis, extinxiffet.”  Epif. baa fai 
_To any perfon who. is acquainted with the, writings, of 
TRARCH; and efpecially with thofe which were. compofed after 
the death of Laura, it muft,appear the moft bigotted perver- 
fion of ideas, to. maintain that they are: confiftent with the no- 
tion-of his cherifhing, a paffion, for,a, married. 
hers. tranflate a few paflages, from thofe latter poems... 


4 
| 
| 
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the: off the: df the! fecond: part; written 
after death of Laura, we find thefe {trong expreflions 


bonefto amor; fer mercede *, 


If honourable, and. wirtnoiss love: and. 
“ if compadtion can aughtlavail; tecompence 
of affection, which, towards thit dear objec, 
and; im the eyés the world; owas: ai spure light of 
heavens Formerly. ‘fhe miftruftedithar affectidn, cand: was-un- 
certain of the dnd obje&iof my pafhone: > fhe! fees 
my ‘heart and, inmoft: fouls and thences} that in‘heaven 
“ the now compaffionates my fufferings for: oft-I behold: her” 
in thy dreams,-tegarding ‘me-with looks full }of:téendernefs and 
“ pity ; and I fondly hope, that when | too thall‘have laid afide 
“ this garb of mortality, fhe will welcome me to thofe bleft a- 
‘ bodes, where all true followers of Crist, and friends to virtue, 
“ fhall dwell for ever in happinefs.”’. Can any perfon who reads 
this remarkable. paflage, believe that. the love of PETRA RCH was 
a criminal and adulterous affection ? If he ftill hefitates on that 


point, 


\ 


/ 


s’ amor meritar mercede: 
_E fe pieta anchor pud quant’ fuole, 
Mercede baurd che pit thiard che 
+ madonna ed al inondo mia fede’ 
Git di me piventofa, bor fa; not trede, 
Che quelle effo; ch? or Ber whe 
Sempre fi volfe;"¢ eliaudia parole, 
O wedea”] volto, bor animo, cor vede. 
mit? tamti'fofpiri cot maftra® 
Tornando a me si piena di pietate: 
E Jere cb! ab por git di quefta:fpoglia 
Venga perme com 
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180 EXAMINATION of an HISTORICAL HY POTHESIS 
point, let him: read d the: apottrophe fon. 


«Oo that now ‘ftandeft in chi prefence Gop fure 
* thy fpotlefs life has well deferved that place! -O matchlefs pe- 
“ ragon of all that is excellent in woman! ‘Now, withthe eyes 
© of Him who fees all: things, thou beholdeft my faithful love, 

“my pure and virtuous affection ; and thou feeft, that towards 
“ thee my heart felt; the famé emotions while thou: wert: on 
earth, as now inhéaven.  O, that, in reward ofialb length. 

“ ened fufferings, F foon may join thee: there Merco vos orf 

In the end of fonnet he thus ex. 


My ave comfort i is, ‘that ‘fhe who fees my ti ghia may ob- 


“ tain for me mercy that I foon be 


* Donna, che lieta col principio noftro 
come tua vita alma richiede, 
Affifa in alta e gloriofa fede—. 
delle donne altero.¢.raro moftro, 
Hor nel volto di lui che tutta vede,.. 
Vedi 'l mio amore, ¢ quella para 
Jenti, che ver. teil mio. core in terra. 
| Tal fu, qual bora in 
Dunque per ammendar fa lunga 
Per dat mondo.a te-fola wolfiy 


Cb’ ella che,wede tutts penfiers 


M’ impetre gratia ch’ poffa effer fecou > 


| 
| 
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happy, day,. when, /ffuing . from. this, earthly. prifon,. 
throw wing off the fpoils of mol} urftin from this cloud 


of darknef, 3 into t the. fplendour: ‘of. eternal. d fee. at once 


“a the dear. object of . love! lage TLIC 


his hymn to the Virgin, with which he, concludes | his fon- 
e.. and which is, perhaps, the moft perfect of his compofitions, 
where he confeffes all the:errors and weakneiles. of his life; and 


when, from the'nature of the fubjed, -have deemed it 
nothing lefs than: i impiety ‘to have “uttéred a falfehood, or even 


to have palliated or ‘extenuated a ‘crime, he takes merit tohim- 
- felf, in the fight of heaven, for his paflion. for Laura ; and thus 
reafons with the’ Blefled Virgin, appealing. to, -clemency 
which he fi uppotes her peculiar characteriftic Fx 

O Blefled; Virgin, .. paragon of, clemency and humanity, 
let the example of the Almighty Being..incite thee fhew 


“ mercy to an humble'contrite heart; and.if with fuch ftrength 


“and ardour ofvaffeétion I‘have been. capable of loving a frail 


“- mortal, what mayft’ Show! not muft be my devotion 
E da si folte tene her 


wana,» demic orgaglio, 


commune principio amor t’ induca.;~ 


a 
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“ towards Thee, the bright example of all excellence !” ‘Inj 


fe& union with thefe fentiments of the poet himfelf, ib the 


beautiful fonnet, which Boccacio, recently after the death of — 
Perrarcn, compofed in memory of his departed friend. It is 


“6 


“ 


ae 


66 


46 


formed on that favourite thought, whic | is moft natural to the 
foul on the near profpect of death : 


Or fe falito, caro mio, 
Nel regno al qual falir ancora ape. 
Ogni anima da Dio a queHo eletta, 
Nel Juo partir di quefto. mondo rio. 
“Or fe’ cola dove {peffo il defio 
‘Ti tiré gid per vedere ; 
Or fe’ dove la mia bella FIAMMETTA 
Siede con lei nel cofpetto di Dio.- 
Or con Senucero, econ Dante, 
Vivi fecuro da? eterno ripofo, 
Mirando cofe da noi non: 
Deb! 8 aggrado ti fui nel 
Tirami dietro a te, dove gioiofo 
Vi colei che amor m’ accefe 


art thou gone, my dear. thofe blifsful feats, 
to which all the fpirits of the. juft, the elect of Gop afpire, 
when freed from this abode of guilt. Now haft thou attain- 


* ed that heavenly region, which thy longing defire to fee thy 


| 


departed Laura had made. the object. of thy moft earneft 
wifhes; where my lovely FIAMMETTA fits, along with her, in 
the prefence of Gop. Now, with Senuccio, with Crno, and 
with DanTE, thow liveft in the blifsful affurance of eternal 
reft; and delighteft: in. the. contemplation of thofe things 
which furpafs our weak underftanding. Oh! if I was ever - 
dear to thee while in this. fleeting fcene of exiftence, draw me 
now to thyfelf, where once more I-may be mre in - fight 
of her who was my firft, my ai love!” 


: 


7) 
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Of the Abbé.de SADE.) 


ee In the dialogue above quoted,: (De contemptu mundi, 
Dial. 3-), where St AuGusTINE is introduced reafoning with the 
and: endeavouring to convince him of the’errors of his paft 
hfe} and partitularly to diffuade him from the indulgence of his 
péffion for: Lavra, to-which he was as much a flave after her 
death as he had been during her life, the holy father makes ufe. 
of every argument that can be drawn both from religion and 
morality: Would he have omitted the - ftrongeft of all argu- 
ments? , Would he have forgotten to‘urge that Laur a was the 
wife.of.another ;,and,confequently, that his-paflion was a ctime 
beth in the.fight of Gop and man? ‘Yet,.to this purpofe, there 
is not a fingle. ; word. in, the. thins: various 
ed argument. 
Tr will be in vain for a difciple of. new 
to attempt its juftification, upon the principle that the love of 
PeTrarcu, being entirely of a refined and Platonic nature, 
might | innocently have for its object a married woman, and the 
mother ofa family. The author of the Mémoires himfelf aban- 
dons that ground of argument *, which, indeed, cannot be 
maintained in any confiftency with thofe fentiments which the . 
poet himfelf has avowed in many parts of his works. The love 
of PETRARCH was fio otherwife. diftinguifhed from an ordinary 
paflion than, by its, fervency and duration. . He felt for Laura. 
the fame emotions, which an ardent but honourable lover — 
for a moft beautiful, amiable and accomplifhed miftrefs. 
admired the graces of her‘mind, he reverenced her virtues, 
he was enamoured of ‘the. beauties of her perfon. He own, 
that he paflionately defired. the reward of his love in the poffef- 
fion of this treafure.. ‘The poet, who exprefles himfelf thus rap- 


turoufly in the language of ordinary human love, apandon 


4 


Mémoires pour la Vie de i. note 22. 


quel ch'io fol ung vorrei. 


EXAMINA TION of an pistoRtodt HYPOTHE ss 


Would that I were amish: her, bate fingle night, alone, jin,darke 


“ nefs, where)only the, ftars fhould, behald us might that 


“ night for.ever !.. Might she never affume a, borrowed (bape, 
(like DANBNE)» to, efcape. ARMS brood od 


Deb bor fof? io con de la , Se. 


v¥ 


“ Ah that I were alorig beloved’ of 
“ laid to'reft'in fome ‘green wood and: that the ‘whi 
“ my fleeting days were there’ aloné’ with me, or attended éaly 
love, for‘one fingle night! But the “fun ‘for 


-~ 


“ ever beneath the.waves!” 


How much, fo} Prow Arion, hadft thou ‘fe 


10 with 


ci vedefs’ che be frelley, ib ater 
Sol una notte ;.¢ mat non foffe 
fi transformaffe in verde sia 


193  Addormentato i ta qualche verdi, bofohi 
Con con amor in quella piaggia 


t PrcmAtion, quanto ledar ti dei 
Dell’ imagine tua, fe mille volte | 


with thy intage) who thofe de- 
lights, @vhich. O that Phir vould wave 0. 
_ THESE tid Foot for the fiippofition of that re-. 
fined and Platonic “whith: ite ‘ptetended a virtuous 
young man may, without ‘blame,’ ‘indulge for the wife of ano- 
ther. into th ¢. queftion, n, how, far even, a ‘a theory of this 
kind is reconcileable to ftriét patio’ Rig or whether that fpecies 
of continued: attention,: that, marked efteem,.and preference, 
which at Jeaft’ muft‘be' rewarded: by a:correfponding fympathy 
regard for the perfon who exprefles. them, is materially lefs _ 
to the faeréd ‘bond oféonjugal affe@tion, than a plan 
of feduétion,.purfued' from’ ‘its® ordinary motives. A moralift 
might perhaps decide, that where the effe@é.pf both is the fame, 
the alienation of.the affections of a a “wife ; 3 the garb of virtue and 
of decency, affumed by. the fornier, i is.qnly,a higher aggravation 
of its criminality. But the difcuffion of this queftion is fuper- 
fluous, where the; of joys. cannot, as we 
As the lone, of PETRARCH for, was san 
p 
evidences; shat ‘he, ardently sdefired. to be united to 
Laura.in, marriage, and. was cyem in the of that 


od? drei:morto; ove pit viver 64.0% 


this ‘paffage has been ftrained to admit of 


an interpreta > that Platonic affeGion w ch fom of his commentators 
have. to _ poet. "the fay they, which 

here expréffed his’ ‘delité of: joyinig, weté thofe which would arife on finding the 

pi@ure of endowed; like image, with fpeech and under- 
ftanding. But they own, at_ the fame time, that, as PIGMALION’s enjoyments are 
generallybelieved to have been lefs refined, the poet has chofen an unlucky allufion ; 


and that the obvious fenfe of the —* is riew moins que P latonique. 


4 

q 
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ed for feveral valuable ecclefiafticat ‘preferments; ‘was extremely 


the propofition here mentioned to BE NEDICT RIL. the prede- 
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rit 5 iv? | 
La mia cara nemica 1 poco a pore. 
De’ fuoi fofpetti ; rivolgeva i 
Mie pene acerbe, fua dolce’ hontfiade: 
Preffe era tempo dov’ amor feontra 


& 


| : | Sederf infeme, ‘dir che lor! ‘incontra. ‘Son. 47: Phrt. 


era da. trovar pace tregea. 
Di 3 ed erane in via Past 2. 


_ Tranquil porte avea amore 


Gia tr luceva a’ begli occhi mia core, 
I’ alta fede non pid lor molgfta. 
Abi morte ria, come a febiantar fe’ 


In of there! authorities the fonnets of PE- 
TRARCH, may be added that report which was Current ‘at’ the 
time, or at leaft among the earlieft’ writers who have given any 
account of the poet's ‘riamely, that thie Pope, “who held Pru 
TRARCH in the higheft ¢ftimation, and to‘whom ‘he was indebt- 


folicitous that he fhould be united in marriage to LARA, arid © 
offered to give him, in that event, a difpenfauon for retaining 
his church-benefices... If the: ftory .is\ true, the, Pope of whom 
it is recorded muft have been CremENT. VIL, as he is the only 
one of the Pontiffs, who were PETRARCH’s cotemporaries, to 
whom thefe characteriftics could apply. M. FLeury, in his 
Ecclefiaftical Hiftory, is certainly ‘miftaken’ when he: attributes 


ceffor of CLEMENT; for PETRARCH, owed ni no favour to that Pon- 
tiff, whom he has fatirized in many. parts of his, writings, as.a 


| 
| 


anecdote is ‘mentioned 3 as tt 
is Jikewife ‘by one of the oldeft editors of the poems of PE- 
TRARCH in the. preface to the Venice edition” 1473: though 
the latter. author erroneouily names the Pope Unsan V. who 


did not afcend the papal chair till fome years ‘after the death 


of Laura. This uncertainty with regard to the peffon is not, 


however,. fufficient to difcredit the fact itfelf, that the Pope, 


whoever he was, might, from favour to PeTRARCH, have ear- 
neftly defired to fee him united to the object of his paffion. 

‘Tue clerical character of PETR ARCH ought not to be confider- 
.  ed_as affording any objection to the fuppofition, that he ardent- 
ly wifhed to be united to Laura in marriage. Though enjoy- 
ing ecclefiaftical preferments,; he had never accepted of any 


_ charge which conferred acare of fouls. He had frequently been 


folicited with earneftnefs to accept of a bifhopric ; but conftantly 
refufed it, either from a fenfe of his own demerits, when weigh- 
ed againft the qualities he thought requifite for that facred cha- 
rater, or, more probably, (as he himfelf indeed hints), from a de- 
fire to preferve his liberty, and follow, without reftraint, that courfe 
of life which he found moft congenial to his tafte, It is pro- 
bable, therefore, that his views with refpect to Laura had their 
influence on this determination ; fince he was thus at liberty, 
merely by the facrifice of fome flender pecuniary emoluments, to 
_ change his condition at any time he might think proper. _ Ex- 


amples of this kind were at that time extremely common; and — 
the ftory above related,:if true, is a proof that the etanien’ 


Pontiffs were even in ufe to'difpenfe with the refignation of be- 
nefices to their particular favourites in thofe circumftances. . 
But, whatever weight we may be inclined to give to this 
anecdote, ifis,on the whole, fufficient to our purpofe, if while, 
on the one ae, we have fhewn that there is not the fmalleft 


folidity 


Of the Abbé de SADE. 48 | 
man of fitions, mean atid fordid properifities, and 


EXAMINATION. ofan AIST ORICAL ar POTHESIS. 


‘folidity in all that elaborate fabric of argu been 
brought to prove, that Lavra was a marfied woman, Ww rs e have 
proved, on the other, from, the. ‘whole tenor o e writings © of 

Perrarcu, the only evidence. that applies to the, matter, t that> 
his affection for, LAuRA. was bonourable and virtuous flame. 


On, this fubjeG the, refcétion of M. ‘de la Basix id “equally 
as a. fentiment of. ‘mbrality, and j juit, as an obfervation 
on human nature: ny a que la vertu qui capable 


de faire d des fons que. la ‘mort Pefface pas.” 
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3 | THOMAS BLIZZ , F. R. S. Epin. on Anatomy, 


and Surgery and Saracen to ibe 


UCH lighs many of im- 


By. accurate inquiries. into the »proceffes of nature under extra> 
ordinary ..circumftanees." .The doctrine .of conception, ately: 
advanced, owes ite fapport, inno, {mall degree, to; obfervations. 
made on cafes, from, Nature. has. 
been led out of her ordinary track — The following cafe appears. 


to be.of fuch a defeription; and, as,tending further. to,elucidate, 
the fubject; may — nate to: othe. 


woman, wha: was the: fabjed of the ‘following 
tion; was aged. twenty- -eight, of a. robuft form ;, had been fix. 
times pregnant ;.firft atthe age.of nineteem, when the was, de- 
livered. of a living child,;, fhe then had two. ; abortions:; _ of. the. 
fourth. pregnancy. fhe: was. delivered of. a. living child ; and of 
the fifth. the mifcarried, about five. weeks; before. her. death. 
Qa, the morning of the, day fhe died, at about half pat eleven, 
after having. gone.throngh conliderable, fatigue in cleaning ber, 


houfe, the was,feized. with.a, violent pain in, the lower part of 


the:abdomen, which. conmnued.tilh het death 3 the , gradually he- 
cathe. weaker; “her abdomen became more more {wollen,. 
and about nine in the evening fhe died. Having felt extraordi- 

Vox. V.—P. IL. Bb. . nary- 


portant and intricate fuil@tions of animal machine, 
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DESCRIPTION of an 


nary fenfations- for.a. fhort.time. fhe exprefied 
to her friends a great defire, fhould the her 


might be examined. 


Tue abdomen being opened, appearél, proceeding 
from the pelvis, a confiderable, quantity . of blocd, both in a 


fluid, and in a coagulated, : two -meafured quarts were 
taken from the cavity. 


Tue fource of the hemorrhage was -an interefting point of 


‘inquiry. ‘This foon appeared. In the middle of the Fallopian 


tube of the left fide, nearly at an equal ‘diftance from its fim- 
briated extremity and its termination in the uterus, a potich 
was formed, about the ‘a pigeon’s egg, ora little Jargef 
of an oval form, iff the mitidle of which’ was a srupttre, of the. 
bignefs of a {mall quill, through which it was ‘plain the blood 
had ued. The parts ‘were removed, ‘for *mére accurate: exas 
mination. Having’ divided'the ‘vagina, {truck -with:the 


appearance of jelly, ‘extending~from: the os) uteri, 


and alfo with the increafed fize of the uterus, which led to a 
fufpicion’ that there had been? a récent conception. | The na» 
ture of the cafe now began to unfold“itfelf. It appeared, that 


an extra-uterine geftation had taken place that the procefs:was 


going on in the Fallopian tube, the embryo having refted there 


inftead of pafling to the cavity of the uterus; that the tabe had - 
enlarged to the capable extent, and then had burft. The fim- 


briated extremity of this tube was open as ufual, and its cavity 
nearly of the natural fize, perhaps a little enlarged. It poflefled 
alfo the tortuous form, as is common, till it began to’€xpand to 
form the pouch. The tube was of its natural fize'alfo, fn that 
half towards the uterus, and was alfo pervious ; for; quickfilver 
was introduced by the tube near the uterus, towards the poueh; 
which ‘paffed readily, and ‘infinuated itfelf between the pouch’ 


and its contents, quickfilver paffed fe ‘into: ‘the 


| veawity 


} 
i 


EXTRA-UTERINE FOETUS. 


cavity of the uterus ; ‘fo that ‘there was no permanent ocr 
to the paflage ‘of che embryo into the uterus. 

Havine: carefully laid @pen ‘the pouch, it fall a 
: firth coagulum. Upon breaking through this, at the depth of 
about a quarterof an inch, there appeared a membranous cit- 
cle, of a lightifh colour, about the fize of ‘a feagJet bean, and 
within this another fimilar membrane prefented itfelf, perfect- 
ly diftin@ from the former ; probably thefe membranes. repre- 
femted the chorion and amnion. Within: the: Tatter.-mem- 
brane, nothing could be difeovered. ‘coagulum. There was 
no appearance of foetus ; but it muft:- be femembered, 
five weeks: had -elapfed faceche latedbersion. | 
_ THe uterus was much thickened, ‘being nearly twice its. bulk 


in an unimpregnated ftate; and,: “*notwithftanding the hemor- | 
rhage-which had’ occurred, its veflels appeared cohfiderably en- 


larged. The-cervix uteri was entifely filled jelly; and 
the whole furface of the cavity of the’uterus was ‘lined. with.a 


foftifh glutinous fubftance, which feemed organized, and was 
much redder than the feft of the uterus. Changes had been. 
produced in the. uterus. whay are feen in ordinary 


geftation ; its parietes were thickened; its cavity enlarged ;. 
its cervix fhut up with a jelly ; ; and the glutinous effufion jute 
defcribed. might” not “perhaps improperly be confidered as a 
membrana decidua i in its early. ftate of formation. — 


THE ovaria were ruch_. veficulated, particularly the left, 


which there ‘was a corpus ‘luteum: of confiderable fize: in the 
right ovarium there was no corpus luteum. The veficles i in thefe 
ovaria were large and much difténded. Their appearance was 
exadlly, fimilar. to that of the. ovaria of a_ young woman I fome 
time ago. examined, who had, died. from, accident, after ha- 


ving. been married, but 2 a few days, i in whofe uterus there were _ 


evident marks of impregnation, and in both ovaria, corpora 


lutea, two or three, I am not certain which, in one ovarium,, 


| 

| 

| 

| 

| 
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| 

| 
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} 

| 

| 

| 

| 
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of obftruation in saber 


aga - CRIETION. 


and corpora Juteay in, both, cafes,,appear- 
ed to be formed by-an.effufion of blood, afterwards Goagulated, 
into veficle, The fection. hich fhewed the corpus: lu- 
teum, difeovered' its internal fubf{tance to,be dark, with.a bor- 
der yellowifh; ¢olour, as if formed of 
feparated from. craflamentum. .-. eed | 
‘Tue .vety: early ampregnation, after. the. abortions in. this | 


cafe, is a-cireumftance that feems. entitled to, remark,|; Only 


five iweeks' intervened» between. her daft mifcartiage and her 
death; and it.mutt-be fappofed: that impregn Ahappened,a 
confiderable tithe befere-her death, from the, changes, which, hod 
taken place. If 1 might ‘be allowed to venture/a, gonjecture. of 
the caufe of: thiefeaphenomenay, Does it ‘not; appear, that, there 
might have: been: fomie, arnegplar of the Fallopian 


tube, which fis, probably myfoular, that. caufed, the,embryo to 


| 


of 


ATE ‘thews the ‘uterus ‘and its. appendages, wi with’ the: 


largement in .the Fallopian tube, having a opening 
in its middle. ‘The whole i ‘drawn, as nearly as | oflible, 
of the dimenfions of the: parts . .By the divifion of ‘the aterus 
¢ fen its inckéa thicknefs and fize,. and an attempt 
to thew the ‘jelly. occupying th the cervix uteri. eg 


iz Tit. two figures: he’ ‘one thews 


‘of the Fallopian’ tub appearance of its ‘conterits as 
defcribed ; the: “other exprelfes ovariim of’ the faine fide, 


with a Tange dorpus 
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Vit. Merzonotocicar ApsTRACT for the YEARS 1797, 1798, 
1990. Communicated by JouN PLArFAalR, F¥. R. S. 


Enrn.. and Profeffor. of Mathematics in the Univerfity of 
Edinburgh. 


plan followed in thofe. communicated to the So- 
‘ciety. In-order' to ‘reprefent more accurately the progrefs of 
-the feafons, every month is here divided into three parts, and — 
the ftate of the barometer and thermometer i is given for each 
of thefe divifions. | 
In the tables, follow, the firft contains 
the greateft height of the barometer for each of the above divi- 
fions; the fecond the leaft ;’ the third; the mean; and the fourth 
the temperature of, the air in the room where the barometer is 
kept ; the fifghiand fixth solumns thew the greatcft height of 
the thermometer in the air ‘that was obferved during the ten 
days to which the numbefs refer ; the next three give the mean 
heights as-obferved at three: Sifieten: times every day, viz. at 8 
in the morning, 10 in the evening; anid, as nearly: as can be judg- 
ed, when the day is warmeft, that is, fome time between mid-day 
and 3 in the afternoon. The mean of all thefe three 4s taken 
. for’the mean temperature of the day, which being computed 
for each day, the mean of all thefe mean temperatures is fet 
down as the medium ss iatasical of the air for eyery one of the 
thirty-fix 


, 
i 
Kend. 1799, & 1800 
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thirty-fix divifions of the year. The mean of the three divi- 
fions of every month is given in the next column, under the | 
title of the mean temperature of the month. 

Tuls arrangement of the meteorological abftraét has been 
adopted, as exhibiting the variations both of the barometer.and > 
thermometer, and alfo their mean ftate, without either entering 
into particulars too’ minutely, or aparecuiag from them too 
much. 

Ir is prefumed that the mean temperatures, which are the. 
points moft difficult to be afcertained, are given with tolerable 
exactnefs, as they are deduced from three obfervations made 
every day, of which the firft, that at 8 A.M. is itfelf not far 


_ from the medium temperature of the whole day, and the other: 


two are as near as circumftances will allow, to the two extremes 
of greateft heat and greateft cold. 

TuHeE barometer of which the heights are here given, is the . 
fame that was ufed formerly, (See Tranfactions of the. Royal So- 
ciety of Edinburgh, Vol. IV. p. 213.) ; but in‘May 1798 its place 
was changed from Windmill Street to Buccleugh Place, about 
130 yards farther to the fouth; 3 feet lower than before, or 
about 262 above the level of the fea. The thermometer is 
fhaded from the fun, expofed to the north, and about 30 feet © 
from the ground: At this height it often ftands at 33 or even. 


34 degrees, when a ne froft is felt on a the furface. 
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reateft Height of 


| 
= 


132-324 


1306248 


129.942 
[32-104 
29.974 


Barometer. 


G 


inches. 


30.296. 
29 29.67¢ 
30.125 


[29.294 


Leaft Height of Bar. | 


Mean Height of Bar. 


Mean Temperature of 
Merc. in Barometer. 


Greatéft Height of 
the Thermometer. 


29.61¢ 
29.046 
28.918 


Auches. | 
30.0776 


4g 786 
2Q. 440c 


6 


[38.4 


28.820) 
30-022 


2y-9302)5 4 
29-7742 
30-133 


| 


‘ 


Ww Wwiw Ww ‘ 
> | Leatt height of Ditto. 


Mean Temp. of the 
Air8 A.M. 


4 


Mean Temp. of Air | 


42.55 
47-9 


© |when warmeftt. 


5 


Mean Temp. of the — 
Air to P. M. 


$1.10138.95 39. 
40-1 2138°75 
6144. 


40.30 
3585 
41.87 


| Mean Temp. of the 


Mean Temp. of . 
Month. 


ten days. 


40.22 
43.58 


| Days of Weft wind. 


[Days of Eaft wind. 


43-19 


30.106} 
30.124 
29 922]29.038 
30.042 
2 


29.245 
29.23 
29.038 


97442 
29.64 32 
29.5281 


45.1 
48.5 
49-0 


132.0 


34.0 


42.33 
45-75 
47-0 


39-0 
41°0 


42.5 


3: 
29.428 


29.6 


29.527 


2159-3 
29.6442/51.4 


39°5 
38.25 
40.50 


52-§0146.0 


45-52 
44-35 


28.976 


29-91 


30,11 


29.22¢ 
29.310 


12949 


-]29.932129.432 


429.112 


295484 


24.6400 
29.7214 
29-730 


29.4664 52.3 
29:-$990154-9 
29.665 41597 


5145-7 515 


39-5, 


46.1 


5 
5 
5 5-68 


©.12 
5-70 
6.35 


42.08 
44.05 


39 44| 


41.8 


Un 


6 


42.37 
1.05 
51.84 


46.51 


51.69 


58.9 
0159.0 


43-5 
44. 


0149-5 54-05 


= ko 


29.83 


629.186 


29.8 32/29.1 16129. 


129-704 
129.920 
129.996 
.|29.66 
129.72 2129.3 26 


29.060 


26.220)29.. 


29-43 


29.222 
28.834 


19-5 799|59-3 
29340015 5.9 
29.533015 7-1 


54:0 


52.0 |§8.84 


52.67 
§ 3:10 


§3-0 157-92 


rg 


58.0 


98.72 


63.19 
166.85 


56.95}50.17 


60.50 


56.29 


63.22 


53-5 
53-0 
47°5 
47-5 
145-75 


158-15 


58.55 
53-65 
51.65 
52.32 


82/63. 
62.95 
62.34 
58.92 
56-3 
58.57 


54.80 
56.00 
56.06 
gi.12 


49-55 


130.02 
130.08 


29.704 


.|30.270 
.130.203 


29-454 


28.840) 
29 224 
29.404 
28.658 


29.081 50.458 59- 
5 
29.491 2143.66 


45-35 
34-5 
31-5 


50.82 
46.42 
37-9 


43-7 


1.1 


49-5 
45.2 
37.8 


58.81 


59-17 
58 85 


4:23 


52-81 


39.8 


59-77 
58.80 


52-66 
154-0 


47-84 


53.69 


pe: 59 


58.95 


53.61 


N& jin COO 


1.533 


3-375 


4-320) 


3-265 


46.18 


29-75 


19 224|29.8077]50 4 5 
8.9. 
29.4469144.0 


129.924 
129-751 


130.104 


28.610 
28.563 


29.080 


29.2714143- 
29-057 3146.7 
29-718 7149-5 


32.0 
24.0 


3065 
35-25 


30:0 [35-27 


39-17 
132-05 


40-32 
42.84) 


§1.0 
44-45 
32-9 

37-57 
4 I-$7 
42.95 


145-3" 


32.67 
35-07 


41.01 


2.52 


1.66 


40.47 


32-54 
35-77) 
41-13'39.87 
42.72| 


40.02 


3°97 


7 
I. sae 10 


O con 
20 


mO 


Oo 


wi 
wla_» 


10} 
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Mean Temperature of the Year, 48°.04 


Total Rain, 2 5-360|2 56/109 


| 
= 
| 
| 3 
D; | | | Inches. 
iv. I | 944-5 39:3 o + 
Jan. {= 2] | | 51-5 94)4°.3" 1.320 
| — 52.0 42. 22 
| | 4740 | 
Feb. ——= 2. | 52.0 775 | 
ai 
3: |3 8 | | 
Div. I. | 3-0 | 
pril, | 48.01) 1.460) 
= 46.29) | 
53-5 40.19 | 
June, | 2-5 54 53-34 | 
jal 
uly, 18816 5.1 9172-5 | 
7218162.4 5166 5 | | 
Div. 1 j29-4368 61.3 965-739 
Aug. 2 452%7161.4 969.5 | | 
[20-66 165.0 | _ = | 
Div. 1 63.5 | 
Sept {—: 61.25 
Div. 1 75 4 | 
I | | | = | 
Nov, ¢—— a | 51-0 Coe | 
—— 3. | 43-5 Zz | 
Div. 1 eon 44-0 | | 
Dec, 2 | 155-0 | 
(52-5 | | 
| 
| 
| 
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1797. 
RE 


Turner is little in the meteorological hiftory of this year to be added to what is con® | 


| tained i in the table. The winter was very open and mild, with a. briflk Qeady wind, 
_ for the moft part from W.toS.8.W. There was but mite froft, and fcarcely any 
{now. 


In March, the eaft wind began to prevail ; a pretty'fenast f froft was felt in the be- 


, ginning of the month, an@ fome fnow fell on the 6th and 9th; the weathet Was 
cold for the feafon till April, whien its temperature came up nearly to the mean, - 


| May, except at the beginning, when there were fome frofty nights, was favour. _ 
_ . able, and the wind very often from the 8. W. _ on the contrary, was cold, 


with a great prevalence of N. E. wind. 


Tuoven in July and Auguft the weather h bettef, yet the 
temperature of the fumnier is by no means high ; if we reckon the feafon of vege... 
tation from the vernal sanppor to the 20th of Oétober, we fhall find the mean tem- — 


perature during that time 53°.32, which is under the ufual quantity. 

In O@tober there was a great fail of rain, with uncommonly high floods. This 
was preceded by the*wind changing on the 19th from the S. in which quarter: 
it had been for feveral weeks, to. the N. W., accompanied with froft-in,the night. 
On the afternoon of the 20thy the wind came round to N. E. and E,, blowing hard, 
with heavy rain all night, . On the arf, the rivers were much out; the bridge over 


the Tweed at Kelfo was fwept away by the flood. The barometer, which had® 


fallen very low on the 17th, continued fo till the 26th. 
* Ow the 22d of November, a very tharp froft fet in, with the wind N and N. W. | 

The thermometer, on the 23d at 10 at night, ide ax 24 °, and nearly the fame again 


On the 4th of Deodulber: the wind came tothe W,, which amend to the 


_. froft; and about the middle of the month, the weather became uncommonly fine 
and warm for the feafon. The thermometer was for fame days conflantly above 
50°, and once as high as 55°, and this not at noon, but_at night, on the 18th, with 


~a clear fky, and a high wind-from 5. S. W. The feafon, however, could not main. 


tain this temperature long; it became colder on the aut, and the year ended with, 
froft and the vand from the N.W.. 
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“97 


Greateft Height of 
Bat. 


30.303 
129.943 
130.104 
30-49¢C 
30.024 
39-943 


Inches. 


Leaft Height of Bar. 


Mean Height of Bar. 


| 


in Bar. 


ght of . 
meter. 


Greateft Hei 
the Thermo 


Inches. 
28.785 
28.424 


-|29:99¢ 


28.952 
23.800 


Mean ‘emp. of Merc, 


Inches. 


29.401 146.5 
29 


52 


29.965 
29-5955 
29.506 


293489 


29.7886 


29.6801 


130.062 
. 
3.130-062 


$.704 


29-734 


29.4525 
29.6735 
29.8794 


130-081 
130-00¢ 
2-1 30-300 


29-515 
29.271 
29.98c 


29.8611 
29.620¢15 
30-1097,6 


130-282 


30-145 
130.041 


429+53¢ 
129-594 
129-9 3¢ 


29.461 
29.382 
29.325 


29.162 


29.088)29 


29.38¢ 


29.609 [62.9 


[30-110 
129.884 


3.130-17 


3,129.72 


29-374 


29.363 
9-451 


.|29:804]29.062 
|29.888)28.722 


28.924 


130.110 


29.611 


29-2106 
29.162 
28.075 


29.7042/04.2 
29-7452/02.1 
29.9 366/60 5.2 
29.470863.0 
29-§516163.4 


29.0257158.2 


29.48181°6.6 


29.31 76|56.7 


Div. I. 
2. 


29.780 
30.052 


29.871 


28.588 
29.438 
28.304 


28.9600 
29.7588 
29.2345 


57-0 
52-5 


Div. 1. 
2. 


30-225 


30.428 


28.950 


30.248 5° 


29.408 


29.61 3615 3.3 


29.5490 
30-022 


51-9 
48.0 


29.8 33>(5 


§2.1 


[32-0 


Height of Ditto] 


32-75134-1 
32.50138.3 


| Mean Tea:p. of the 


Air $ A. M. 


Mean Temp. of Air 
when warmeft. 


p. of every 


Mean Tem 


Mean Temp. of the 
ten days. 


p. of the 


Tem 
Month. 


40.11 


-133-25]37 82 
139.67 


41.65140.67 


Crt 


> 


wn 


41.5 |40.0 
133-7542 25 
30.0 133 84 ; 
44-32 


4 


| Days of Weft wind. 


| Days of Eaft wind. 


CO] 


36.72 


39.0 
40.0 


44.0 
5.0 


40-5 


4 
49-75158.4 


47-77 
49-0 


49.22 
§1.6 


50.0 


§2.25)01.3 


\O 


0.95 
58.28 
60.93 


60.05 


2.536 


whe 


63-45 
60.72 


54-37|5%- 


53-7 
48.72 


51. 


8 


56.86]5 5-91 


53.6 


44:9 


§ 2.32 
46.55 
46.02 


55-14 


43-04 


47-91148.69 


43.52 
37.02 
37.8 


41.3 


47-77 


44.98 
39°7 


43.65 
37-12 
39-6 


49.5 135-0 
44.5 |28.5 
44.0 |18.0 


37-75 


38 92 


32-04! 


38.92 
38.37 
32-45 


39°35 
39.02 
32.17 


30-451 


36.84 


1.66¢ 


| | 


Mean Temperature 


Cc 


Total Kain, 


of the Year, 49°.28 


| 
- o | | Luche.. 
| 28 33 42] ° 
| 35 | 58.68 2.31¢ 
| Div. 1 48.6} §0.0 | | 
| | 51-5 37-99|39-05| .80c 
— 3 | 46.0} 45.9 36.71 
54 146 | | 
| 1 GP 137-4 [44-15] | 
| | 149-7 §c.0 QO} | 
§5+2|}69.0 40-9 1.825 
| $6.75 3.25 55-5 7148.0 [51.58 | 
= B7.21162.0 | 55-4 149-45|51.02 | 
| | 159-5. 1.48 
Div. | 29.9 1171.5 | 4-3 155-2 159-1 | 
une, | 71.25} 67.3 {56.9 [51.8 [62 24] 1.865 | 
3 29.79 73-0 | 2166.7 5159.0 5|65.82 
Div. 29.3662|03.6 75-0 155-5 |62.42167 45|58.65|02.84 | 
uly, +34 30102.61166.7 515 3.25158: 52163.7715 5-32159.2 [6 
67-25152-§ 32/59. 71 | 
Div. 92.2515 1-2 5|00.7 5105.02|5 7.07 
| 66.5 |49.5 157-8 [61.0715 5.97 2.99: 
Aug, 2 
| 74-5 |50 25|60.2 |66.0 |56.6 
iv. | 70.0 149.25/59-1 | | 
Dept. 63.0 147-75156.1 | 2.515 | 
Div. 2.5 146-7515 
59-5 [36-5 146.17/51.02 | 2.105 
| 42-4 | 
Dec, | 39-77 | 
4-04 — | 
| 
| | 
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AR AS. 


Tut climate of this part of our Ifland hardly admits of a finer feafon than that of 
1798. The winter, though not altogether without froft, was on the whole mild 
and open. In March, indeed, the temperature was rather below the mean; but 
in April it rofe confiderably above it, and continued fo till the end of Ogtober. 
It is remarkable of this year, that the temperature changed much more regu- 
larly than ufual, increafing gradually till the end of June, and diminifhing in the 

fame manner till the end of December, without any confiderable retrogradation. 
_ The mean temperature is more than 1°.5 above that of an ordinary year; and this — 
difference fell chiefly on the fummer months. The mean temperature of June, 
July and Auguft, was 61°; the thermometer was often above 70, and never fo low 
as 49 degrees. The vegetating feafon, reckoned from the 206th of March to the 
2oth of Oftober, has for its mean temperature 56°.1%, confiderably above the — 
mean of an ordinary year ; and, as along with this the rains fell feafonably, the crops 
of all kinds were very abundant. The fine weather of this year extended over the 
whole of Britain, and indeed over the greateft part of Europe. 
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METEOROLOGICAL TABLE ror 1799. 


Mean Temperature of 
ght of 
meter 


the Thermome 


mp. of every 
p. of the - 


Merc. in Barometer, 


Greateft Height of 
Mean Height of Bar. 


Barometer. 
Leaft Height of Bar. 


Mean Temp. of the 


Air 8 A. M. 


| 


Greateft Hei 
Mean Temp of Air 


| Leaft height of Ditto. 
when warmett. 
Mean Temp. of the 
Air 10 
Mean Te 

ten days. 

| Mean Tem 

Month. 

Depth of Rain. 
Days of Weft wind 
| Days of Eaft wind. 


Inches. laches. Inches. Inch. ° ° 

| Div. 128.0 
Jan, 59315 4.5 149-0 138.5 
3. |29.656}28.85 4129. 2906]50.1 143-0 [25.5 32.57131-9 | 

1.]29.858]29.2 51/29.5 582145-3 140-0 


Iaches. 


oO 


[28.0 135-97] 40.00]37-47138-8 [37.6c] 

5|29.420 5156. 51 3/43.60]4 5.18 

145-2 |32+25136.5 7141.08] 34.97137-75133.8c] 

Div. 42-5 131-0 13 4-70] 38.67] 34.12|35.83 
api, 


—— 50-0 [37-5 142.67147.12142.0214 3.9¢ 
—— 63-5 
134-5 
7.2] 144-57150.45144.05 3.355 
3-|39-900]29-18 5]29.677 7109.5 86.5¢144.0 | 
ben 1.5 73.75143-0 56.2 5|0C.3 715047215 


41.91] 2.280 


1.89 66.56/46.5 56.36] 1.335 

35 56/60.6 06.0 150.0 58.09] 3.125 
3./29 1157.5 150-7515 5.80] 59.68] 54.34] 50.60 

Div. 66.5 |58.22159+4 515 3.9015 7-44 
Aug. 50} 52-5 |56.45160.6 215 4.450 
32.0 149.0 3.7¢]°6.51 
30.0120 66.25151.5 |55.50102-00|5 4.5215 7934] 


~¥ 
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© 00 


50-0 332/157-2715 2-8215 4.44154.26] 4.085 
34] 5 144-5 [50-47] 54-62]18.97/5 1.02 
Div. 56.25/38.5 [40.97] 51.8014 5.25148.01 
3.130 5438 55-5 135+5° [35.72 
Div. 52-5 133-0 [43.36] 
3.130.255 2)20.464129.87 33 133-0 
Div. 164]/5 35-5 74 | 
9307 42-5 |28.0 36.52 
2.130.362 38.0 18.0 3 | 
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M°AOR’K 8. 


Tae year 1799, though it afterwards proved fo unfavourable, began with very 
mild weather. January was uncommonly pleafant, and the wind dinvcige Be from 
the S. W. | 

In the beginning of Pevensey: the wind changed to N. E.; on eid 7th, the ther- 
mometer ftood at 22°; and the morning of the oth was remarkable for the molt. 
_ violent ftorm of wind and {now that is remembered in this country : the wind was 
a little fonth of eaft, and the thermometer a3 low as 25°. The fame day afforded a 
ftriking example of the viciffitudes in our climate ; for the ftorm, which began about 
one in the morning, having continued till noon, the wind foon after came to the 
S. W.; a thaw began immediately, and in the evening the thermometer ftood 
at 40°. The froft, however, foon returned, but, without feverity ; the weather in 
the latter end of the month was mild, though the fnow, which -had been much 
drifted on the oth, fill lay deep in many places. 

On the 3d of March, the wind came to the N. E., and the feries of cold and dif. 
agreeable weather began, which extended over almoft all the remainder of the year. — 
The winds, during the whole of March, were dry and parching ; the i al trolly; 
and the mean temperature hardly above that of F ebruary. | 

AprRIL ‘was, equally unfavourable ; it fnowed frequently, and the wind, though 
often in the weft, was always fo far to the north, that it was never accompanied 
with warmth, Even at the end of the month there were fcarce any figns of vegeta- 
tion, and the trees feemed hardly farther advanced than i in February. 

TurovcH the whole of May the feafon continued extremely backward; the 
wind, whether in the eaft or the weft, was always far to the north, and the medium 2 
temperature of the month about 3° lower than in ordinary years. 

June was a little more favourable ; and indeed the only part of the feafon that - 
afforded any thing like good fummer weather, was the laft ten days of June, and the _ 
firft ten of July. The mean temperature, during that time, was about 60°, and was 
not fo high, by feveral degrees, for any other period of the fame length i in the whole. 
fummer. 

From this time the weather became continually colder. There was: little jhe 


and a great deal of rain, during the remaining part of July, pnd the whole of Au- 


guft and September. 
THE 


‘ 
‘ 
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Tue month of O@ober was in ‘itfelf tolerable, and nearly of the ufual tempera- 


ture’; but by'no means able'to make up the deficiencies of the former feafon. The 
harveft was not generally got in ull the end of ne _ in — = 
hardly; till the end of December, 

One of the peculiarities of this feafon was, sal thé ealt wind continued to blow 
very frequently after the folftice, through the whole fummer, and always from a 
northern point. The weft winds, alfo, were generally far ‘to the north, which fel- 
dom happens in this climate, from thetime of ‘the fummer folftice to the fetting in 
of froft in November or the latter end of Oftober. 

THE general impreffion which this year has left on every body’s mind j is, that it 
‘Was very rainy ; and yet it does not appear, from the regifter, that more rain fell in 
1799 than in ordinary years. The fad is, that the only rainy months were July, 
Auguft and September, particularly the two latter; in thefe three the depth of rain 
was nearly a foot, which is at leaft double of the ufual quantity. This quantity, 
alfo, fell not in heavy fhowers, with intervals of funfhine, as is ufual in fummer, 
but in drizzling, long continued rains, with foggy Merc as in winter. Hence 
_ the amount of it was very naturally over-rated. 

THe mean temperature of the whole year is 46°. 18, more than 1°. -5 below the 
ufual mean. But the mean temperature of the feafon of vegetation, computed from 
the 20th of March to the 20th of Oftober, is no more than 51°.27, almoft 5° below 
that of 1798. This deficiency of temperature may appear at firft fight hardly ade- 
quate to that deficiency in the crop which is afcribed to it; but it fhould be confi- 


dered, that vegetation fcarcely proceeds at all with a temperature under 40°, fo that. 


this may not improperly be regarded as the point of heat at which vegeta- 
tion begins, and the boundary, in as much at leaft,; as refpeéts agriculture, 
between fruitfulnefs and fterility. Now, 56° is the mean temperature of a good 


feafon, in this country, as we know from the inftance of 1798, and therefore 16° of 
heat is the whole diftance between the mere germination of vegetables and the 


fulleft maturity they can attain in our climate. A deficiency of 5°, therefore, 
which is nearly a third of the whole 16°, mult neceflarily be accompanied with a 
great fhortcoming in the maturity of all vegetable productions, | 
Wuetner the quantity of the crop may be expetted to be proportional to the 
excefs of the mean temperature of the vegetating feafon above 40°, ‘fo that the 
crop of this year fhould be to that of the preceding as two to three, or if it muft 
be in a greater or a lefs ratio, may deferve to be more accurately confidered. 
There is, however, reafon to think, that the variations of the crop, at leaft of the 
corn crop; will be greater than in proportion to the variations of temperature ; 
for, if the mean heat of the vegetating feafon were to fall as much below that of 
1799, as the heat of 1799 did below that of 1798, it would be reduced to 46°, a 
temperature fo low, as would certainly prevent the ripening of corn altogether. 
By 


~ 
| 


| 

| 

| 

| 

| 
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By doubliag the deficiency of the heat, therefore, we do a ‘great deal more than 
double the ieficiency: of the con fo that the latter varies in a 0. ratio than 
the former, 
THE limit at which corn will not ripen, is es ee higher than 46°, ond inay per. 
haps be ftated at 48°. If it be alarming to think that our climate has, in any cafe, 
come fo near to a line, beyond which the labours of the hufbandman are ineffectual, 
it is comfortable to refleét, that the refources of the ‘country have been able to: 
provide a remedy even for fo great an evil, and to avert all its moft fatal effets. “ 


| 
| | 
| 


IX. A New and Univansat Sonution of Pro- 


BLEM. By James Ivorr, Communicated by FoHN 


PLArFAtR, Profeffor of Mathematics and F. R. S. Edin. 
[Read July 7, 1800.) 


’ EPLER, having difcovered the laws that regulate the 
motion of a planet in its s orbit, propofed the following 
problem, for determining the | 
true place of a planet at any 
given time: “ To draw a 
“ ftraight line DE, from an 
eccentric point the 
“ diameter of a femicircle 
| « AEB, fo that the whole fe- © 
“ micircle may be to the 
fector ADE, in a om 
“ ratio.” 


In we are to the quadrature of 
the circle for granted; and therefore, if C be the centre of the 
circle, and if the fe¢tor ACM be taken, fuch, that the whole fe- 
micircle is to the fector ACM in the required given ratio, the 
problem may be otherwife enunciated: “ To draw a ftraight 

** line DE from an eccentric point D, to cut off a fector ADE, 
“ that fhall be equal to the given fector ACM.” 

Tue given arch AM, or the given angle ACM, is ufually 
called the-mean anomaly ; and the arch AE, or the angle ACE, 
the anomaly of the eccentric: the problem, therefore, is redu- 


ced 


| 
| 
| 
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ced to this: “ The mean anomaly neing given, to ano- 


2. Draw the ftraight line DF at righe angler to the diamnever 


_ paffing through the point E: Then, fince the feétor ADE is 


equal to the fe¢tor ACM, and the pace ACE.is common to 


both, the triangle EDC will be equal to the circular. fector ECM : 


therefore, it is manifett, that the ftraight | line DF i is equal to the 
circular arch EM. 


SupPosE that the radius of the end 18 unity ; ; and let 
m = arch AM, » = arch AE, and. = eccentricity DC: Then, 


fince DF = « fin », we fhall have this equation, exprefling the 


relation between the arch of mean ec- 
centric anomaly : 


4. ‘IN the equation juft found, let. us. and, fe 


remarking that fin » = fin 2» = 2 2 finy y x we thall 
readily obtain, | 


if we Further = fin ), and, by means 
of this extetiminate we fhall find 


| 
Ir may be remarked here, for the greater precifion, rag 


- from the nature of the problem, the arches, mand m, never. ex- 


ceed 180°; and, of the: arches and. never: ex- 
ceed go’. 
4. IF we confider ¢ as a known or given ‘quenain, it is evi- 
dent, that the equation laft found will no. longer have the form 
of a tranfcendental equation 5 and. that the arch » will be de- 
termined, when the arch nis given, bya finite sanatinn, refoly- 
able by known methods, 
In ftri€tnefs, indeed, we cannot pie eas a given quan- 
tity; for the exact value of e. depends upon the arch », and 
cannot be known unlefs the length of that arch were known; 


in. 


| 
| 
} 
| 
| 
| 
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in other, words, unlefs the problem, of which we are treating, 
were already refolved. But it is eafy to demonftrate, that ¢ is 
always very nearly equal to the eccentricity #; and that, there- 
fore, we may affume ¢ = ¢, at t leaft for a to 
the value of» 

it is clear, from tlie elementary principles, shat he 


maximum. value of fin » X cof» is equal to =: therefore the arch 
n—y, determined by the equation fin (n — )= =< efin » X cof y, 
wheti greatelt of all, can never exceed =. It is alfo evident, 


from the mature of problem,’ ¢ can never be 
greater than unity ; becaufe the. point D is fuppofed to be. al- 
ways taken in the diameter, and never. without the circle. 
Therefore, even in the extreme cafe, when s=t, the arch 


— » can never be greater than 


Bur fmall arches of a circle are very ‘nearly vs to their 
fines ; a propofition that we may extend, without great error, 
to. all arches not exceeding 30%.” Now, we have fhewn, that 


the length of the arch n —y ¢an never exceed * a , and there- | 
fore, that arch will always be lefs than the arch of 30°, the fine 


of which i is }. Therefore, the fraétion falar»: will always 


be very equal to unity : and, the value of 
ac will, in all 
differ but little from K | 

_AssuMING, therefore, ¢ = «, if we denote bys the value of 
» correfponding to this value of ¢, in the equation fin (2 — ») 
=e fin» cofv; we may confider x as a firft | 
to half the arch of eccentric anomaly, | 

5. Havine thus fotind one approximate value of », it is eafy | 
to find as many ochers: as we Pleale by means of the formulas 
already inveftigated. 

Vor. V.—P. Il. Dd 


determined by the formula c= = x 


| | | 
A - 
| 
| _ 
| 
| 
| 
| 
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For)! in the formula ¢ = Tet the 


imate ‘value already found, be fabftitated for. let ¢ denote 
the value of e that will refult from the fubftitution ; 5, Of which 
fubftituted for ¢ in the equation fin (x — y= fin» x cof 
and let denote the correfponding value of» then bea 
 fecond approximation'to the arch. 


fi 


In like manner, being fubftituted 
and, by ‘means. of. the ‘equation “fin” (i i= fifty x" “cot » 
this new value of e’will ¢ give a third approximation to the. arch Vy. 
denoted by “And ‘it ‘is’ ‘thanifeft, ‘that’ the feries ‘of arches, 


x,t, approximating to. value of», ‘be continued. 

the feries of approximations to the value.of », are alternately 
too {mall and too great :. that is, the firft, third, fifth, &c. terms. 
in the feries are all le{s ; but the fecond, fourth, fixth, 8c. terms. 
in the feries are all greater, than the exaét value of ». 

For, if, in the equation fin:(” — ») =e X-fin » X cof», we 
write fin n cof » —cof 2 fin », for fin none and divide both fides 


in this formula ¢ vanifhes. when » = »: and, fuppofing the 


arch to decreafe, it is ‘manifeft the pofitive part, will: 


the Gone thing, let 


vt 
wt 


and that the negative part, cob ——, will decreafe:: ‘there- 


fore e will increafe when » decreafes ; and: the lefs the. arch y 1S, 
the greater ‘will be the value of This, ; it is evident, muft.alfo 


be true, when taken inverfely ; that i As, the its the 
will be the arch ». 


| 
| 
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us now the firft term in the feries of ap- 
proximate arches; this arch is the value of yin the equation 
fin — —v) =e X fins X cof», when is fabftituted for ¢; but, 
finee we hive 


and confequently » will be greater tham =. 


AGAIN, take z’, the fecond term in the feries of ap; proximate 


arches. This arch is the value of » in the equation 
fin (1.— v) =e X fin» X cof», when é is fubftituted for e: Now, 


D and e= and fince» has been 
“fhewn to be greater than =, it is evident that 2 — will be 
‘greater than »—y: but the greater arch has to its fine the 
“greater ratio “therefore the fraétion will be lefs than 


fradtion fin +), confequently é will lefs than 


will be greater than ». 


AND, in general, if,i in the formula fin we fab- 


: ftitute a greater arch for », we fhall have a-value of ¢ greater 
than its true value ; but, if we fubftitute a lefs arch for », we 
‘fhall have a value of ¢ lefs than its true value: but we have'de- 
-monftrated, that, in the equation fin(m —») =e fin» X cof», 
the greater ¢ is, the lefs will the arch » be: from which confider- 
ations the truth of what we have aflerted above is evident, viz. 
that the arches 7,7, #”, &c. continued indefinitely, | are alter- 
nately’ too {mall and too great. 

7. LET us now compare together the alternate terms in the 
feries of approximate arches ; and it will not be difficult to per- 
ceive, that the firft, third, fifth, &c. terms, which have been 
fhewn to be all lefs than half the arch of eccentric anomaly, 
. continually increafe; but that the fecond, fourth, fixth, &c. 
‘terms, which have been fhewn to be all greaterthan half the 
“arch of eccentric anomaly, continually decreafe. 
For 


Remy 


it 18 that ¢ is lefs than s, 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
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For, it is obvious, that the greateft value of ¢, in-the bien: 


h,e=sx is when 2 » = 0, in which cafe e= 


therefore, the arch ¢ will be the leaft of all the approximate | 
arches, 2’, &c.: therefore is lefs than the third 


term in the feries. Again, we have and 


that's —« will be greater than 2— 2”: confequently é will 
_ be lefs than ¢”; whence it follows, that a’, the value of » corre- 
fponding to é, will be greater than #”, the value of » correfpond- 
ing to ¢’. Thus, then, we have fhewn, that the firft term in 
the feries x, 7’, #”, x”, &c. is lefs than the third term ; but that 
the fecond term is pon Bes than the fourth: and, it is clear that, 
by a fimilar mode of reafoning, we may prove that the third 
term is lefs than the fifth ; but the pountn term prea: than the 
fixth ; and fo on. ; 

ir has now been demonhteaged, that in ithe 
feries 7, 2’, #”, &c. are alternately lefs and greater than half the 
arch of sennie anomaly ; and further, that the terms in the 
feries, lefs than that arch, continually increafe, while the terms 
in the feries, greater than that arch, continually decteafe ; 
whence, i it is manifeft, that by computing more and more terms 
of the feries, we thall have the value of the arch of eccentric. 
anomaly. within narrower and narrower limits. The arches 
x, 2’, x, &c, form a feries of approximations, converging to the 
‘true length of half the arch of eccentric anomaly, and erring 
alternately in defect and in excefs. 
Anp here a queftion occurs. It; may be afked, Do the terms 
of the feries x, 7, 2’, &c. converge flowly to the arch fought ? 
or, Do they converge rapidly to it? According to the anfwer 
that we fhall be able to give to this queftion, « our method of fo- 


ution is to be reckoned more or lefs perfect and valuable, . 


4 “and is lefs it is 


| 
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have hitherto. confidered the feries of to 


the value of » to begin with the arch z;:but; in effect, the feries — 


may be confidered to begin with the arch a. For, if in the for- 


of e,will be ¢, to "which. che. arch correfponds in, the equation 
fin (n - y= =e¢xX fn» X cof. It 18 clear, therefore, that. the 
arch 7 is derived from the arch n, precifely in the fame way 
that is derived from z; or that any other term in the feries 
is derived from the term that immediately precedes it, 


Tue error of the arch 2, confidered as an approximation to — 
18 >: taking the extreme cafe, when. ‘= 1, (in which 


length of the arch n — », when a maximum, is Are 3.) sivial 


to +, correfponding to'28° 39’ nearly. Therefore the arch ny 


confidered as an approximation to »,"is*véry wide of ‘the truth : 
_ And, if we can prove that the-error of «, the fecond term in the 


feries, is neverthelefs inconfiderable, we fhall be entitled to con- 


clude favourably. with regard to the convergency.of the feries. 

Tne error of the arch is » and, we-are now ‘to in- 
quire, to what degree of magnitude this arch may attain. For 
this porpofe let us confider the two equations, 

(a —») = 6X fine Xcofr, 

bis means of whith the. arches.» and # are determined the 
arch mis given. Itis clear, that the quantities eX fin» X cof» 


and ¢ X fina X cof # are evanefcent, when » = o and x= 0, and» 


alfo when »= g0° and z= 90°: therefore we fhall have 
n=» =, not only when.2 = 0, ‘but alfo when = go°. It 
has alfo been fhewn, that:the arch » is greater than the arch «: 
therefore the quantity » — * vanifhes, when 2 = o and when 
n = go°, and between thefe two limits it is always pofitive ; 
confequently | there is an intermediate value of 7, where the arch 
y — will be a maximum. 

SINCE 


we fubftitute a for », the refulting value 


| 
| 
| 
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Since 2 finyX cof'y = fin 2, fine | 


fin (n — =) =! {fin ars 


having broughe n to o ftand 0 on “one fd, we : 
fhall find, 


whence, by equating two | 
scolar 
Now. 18 a maximum. when = 0,. that i is, when 
vy =a: therefore, if we divide both fides of the preceding equa- 


tion by the equal quantities » and x ; atid further, reject what 
common to both’fides, and divide the remainders by | 
thall have, i in ‘the wher y— risa maximum, 

| 

= : 
If we combine this equation with the two equations that ex- 
prefs, in general, the relations of 7 toy, and of 2 to x, we fhall 
have three equations fiifficient - to deterinine the three arches, 
n,vand in the cafe when »— is a’ ‘maximum, But, as 
one of the equations is tranfcendental, this could only be done 
by the method of infinite feries, and would lead into very per- 
plexed calculadons. We may, however, by an eafy formula, 
determine a limit, which the quantity » — +, when greateft of 
all, cannot exceed: this will for the we 
have at in view. | 


= 


‘the « ‘equation “eof ar = we readily 


bot fin = fin by ton, 


‘and for ite equal fin (a n andy we fal 


ave, 


Subtrad both fides of this equation- from 2 — z, and, remark- 
— fin (2 — 2) 


fimplify this? formula, bput 2 and: = I 
and fo, cafe when 4 is maximum) 9 we have 


Ler us -confider. the function ¢— 4: tanig -becaufe: 
a 1 is lefe than evident that we may take: 
the arch:e fo ‘oval, that tan be’ lefs ‘than and, that 


there is a value of fach that ¢ =a ‘it is affo manifeft,. 
that between the: Timits tan (in both which. 


Ir, therefore, cant: ‘prove, the arch 1 — ‘always: 
between the limitse = o'and ¢= axtan it will: follow that. 


the maximum value of function tan eis than: 


the arch » — even when that,arch is-greateft of all, 


Now, 


g 
| : 
| 
i 
ta 
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Now, fince fin (n = fine X it is evident that 
fii — 7) can never be greater than if a tan es 


we fhall have fin a tan therefore Le a: 


: therefore, fince a = =r I— it 1s 1s manifet that fines is oreat= 


2 

arch determined by the formula =a tan 
_. It now remains that we determine the maximum value of 
the funétion eg — a tan g: for this purpofe, let y = tan g, and 


fince 2 = we melt by;; the method, 


et than Whertce it is that is lefs than the 


Tarnzrons, if we take tan ¢ = the arch, 
ws can never be greater than e—4 tan ¢. 


e = 21°28 14 "nearly, and tah = .03411, which is 
the length of an arch of 1° 57’ nearly. - It is therefore certain, 
that, even in the extreme cafe; whens = 1, the arch x.cannot. 
differ from half the arch of eccentric. anomaly, more than 1 “57 ; 
a very {mall error, confidering that the firft fuppofition of 2 = » 
is very wide of the truth. We may therefore conclude, that. 
the feries 2, 7, x’, &c. converges to the true length of half the | 
arch of eccentric anomaly with uncommon rapidity. 

9. WE have now fhewn, that, by. means of the Sue equa-’ 
tion fin (a— ) = = ¢ fin» Xx cof, together with the formula ; 


= we may deduce a feries of arches, converging 


1), whence 


very Tapidly to half the arch of eccentric anomaly. The rea- 
fonings 


| 
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fonings that have led us to this. conclufion are quite general, and 
hold good in every ftate of the data of the problem. To have 
a complete and ‘univerfal folution of this famous problem, it 
only remains, that we inveftigate a rule for computing the arch 
», from the equation fin (2 —») = ¢ x fin» x cof», fuppofing n— 
and ¢ to be given quantities. This is what we are now to fet | 
THE given equation, 
fin(2—»)=exfinyxcofy, 
is eafily transformed into 
Let ADB be a femicircle, / 
and let the diameter DC be ; 
drawn at right angles to AB: 
Take the arch AM = 2, and 
in CM produced take CF = 


Fx CA: From the point 


draw the ftraightlineFGH, 
fo that the part GH, inter- 
cepted between AB and CD, in the angle DCB, may be equal to 
CA, the radius of the circle: and, laftly, through C draw CN, 
parallel to FH : I fay, that the arch AN is equal to ». 

_ From the two triangles FCH, FCG, we have 


FIA : fin FCA : : FC FH = FC x 


fin FGD : fin FCD : : FC: FG = FC x AM. 
Now, FH —FG =HG=CA, therefore. 
| fn AM cof AM\ 


VoL. V.—P. Ee  .confequently, | 
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confequently, = ¢, we get. 


fin AM cof AM. 
fn AN AN: 
therefore, becaufe AM = + ny itis manifeft that AN = 
Tuus, then, the refolution of the equation fin (2 Ls) 
— ¢ fin n x cof », coincides with that cafe of the general’ pros 


-  -blem, “ De inclinationibus” of the ancients,in which the two given 


linés are fuppofed to be ftraight lines, interfe@ing one another — | 
at right angles. If we take'CF = : os CA, the arch | AN, found 


by the conftruction above, will be no other than the arch * the. 
firft term in the feries that we have ear a difeufled : and, j in like 


manner, if we take CE equal to = = fin =) x CA; 


=x xGA;— x x CA; and fo on 
we may find, by the on, conftruction, the other terms 2’, Fy 
&c. of that 

Ip, therefore,'we are to reft fatisfied with a ‘geometrical con. 
ftruction, we may confider KEPLER’s problem as already re- 
folved. For, it is manifeft, from what has been proved, that, 
by means of the known and elementary problem, “ De-inclina-. 
tionibus,” we may, in all cafes, approximate to the arch-of eccen- 
tric anomaly as nearly as: may be requited: It muft be con- 
feffed, however, that a conftruction of this kind) let it be ever 
fo ingenious or elegant, i is. of no ufe to the aftronomer, who. 
- fecks for arule by which to conduét his calculations, and who 
will not be fatasfied with a {peculation of the mind, _ 
> yo. The problem, “ De inclinationibus,” when the two lines 
given by pofition are fuppofed to.be ftraight lines, is, mm gerie- 
ral, a folid problem. The geometrical conftruction cannot be 
effeCted, unlefs by the help of the conic feGtions ; and the folu- 
tion, by the modern algebra, leads to an equation of the fourth 

power, . 


i 
| 
+ 
\ 
i 
j 
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‘power, or at leaft to an equation of the third power, It is 
known, however, that in-one particular fituation of the given 
point, the problem becomes more fimple. This happens when 
the given point is fituated any where in a ftraight line, bifecting 
the angle contained by the two lines given by pofition. In this 
cafe, the problem. becomes a plane problem, and leads to an 
equation of the fecond degree only. 

Since, then,.the ftraight lines AB, cD, jinterfee one: another 
at right angles, the plane cafe of the problem will happen, when 
the angle ACM is half a right angle; that is, when 2 is equal 
to an arch of 45°, or when the mean anomaly is a right angle. 
"This cafe deferves. to be particularly: confidered, on account of 
the fimplicity of the folution it admits of. 


I 
= it is obvious, that cof = = and 


the general equation. becomes. 

| 3 \fin » finycofy ’ 

{quaring both fides, | 


fin *» cof *y_ fin col 
but fin 2» = 2 fin therefore 
fin * 


“Havine reduced ‘this ‘formul, ‘we. find 
fin*ar+2 2 fin 2» = ae whence fin a = 
If we regard the problem, « De inblinatioiibes,” independently of 
any application, and fuppofe that ¢ may have. all poffible de- 
grees of magnitude, both thefe values.of fin 2» may give folu- 
tions of the problem, ‘One value, ViZ.. fi In = 

being always lefs than give a fohition, be the 
magnitude of ¢; it will even give two folutions ; becaufe. fin 2», 

being 


‘ 
i 
| 
| 
| 
} 
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_ being determined in magnitude only, will correfpond to two 


arches, the one lefs, and the other greater than go°. Of thefe 
two arches, the former will give the pofition of the line FH, — 
having the part GH, infcribed in the angle DCB, equal to CA ; 


and the latter will give the pofition of the line FKL, spot agi the 


part KL, infcribed i in the angle ACL, oes to CA. — 


give no folution when is not greater that 15 in 


that cafe, - 18 greater than L: ‘But, for other Va- 


is lefs than 1, this walun of fin in 20 


of ¢, 


will alfo determine the sais of two ftraight lines, both lying — 


| in the angle ACD, that will fatisfy the problem. 


In the particular application we have in view, ¢ being never 


greater than 1, we muft compute fin 2v by the formula 


_ cab : and all ambiguity wel be taken away, 


by the confideration that ay, or the’ arch of eccentric anomaly, 


fin 2y = 


-~muft be lefs than the arch of mean anomaly. © 


is not very convenient 


THE formula Gn. 20. = 


in practice: we fhall obtain another method of computing fin: 2% 


| greatly preferable in this refpect, in easier. 


Resume the formula; 
2 cof A 


= then, fubftitution, we Shall 
find 
therefore tan A = x 


| ALSO, 


| 
| 
| 
| 


INVERTING: this. analyfis, we hile 


“computing the. eccentric. anomaly,:- when. the imean: anomaly 


is a right» angle: Fake! sad Air 45° then: fina 


“tan x fin 45°; and This rule would be ri- 
serous and. if we: could. give. to. ashe it in t the 


formula ¢ ="«X but as annot be done, we 


muft content to the as near- 
ly as our purpofe may require. We will, therefore, by means 
fubltcating f for the values 4 x- 


thé p, b's converge very. quickly to 


, &e. 


exact value of the arch of eccentric anomaly, erring alternately | 


in defect and in excefs. For the arches here denoted by Pp, 7’; 
p’, &c. are _manifeftly no other than the double of the arches 
formerly denoted by &c. refpectively. 


THE cafe of the. general: problem that we have here 


may. be thus enunciated ; “ To draw a ftraight line from an- 


eccentric 
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“ eccentric point in the diamétér of a femicivcle, that fhall, di- 
vide the femicircle into two equal 
11, LET us now to confider. refolution che 
fuppofing to be any ‘angle whatever not Greater than a right 
angle. 

From the point F, draw the ftraight line’ FKL, fo hoe the 
part KL, inferibed in the angle ACL, may be equal to CA; and 
put ¢ = angle Then, by proceeding in a manner fimilar 
to what 1 is: done: in: Art, we-fhalleafily-derive this 

_cofn, fina 

let ‘the: ftraight. line FQ -be drawn to bike the 
HFK: put @= angle FQA, and = angle KFQ 
angle QFH: thea, , fince it, has: already _ been fhewn, that » = 
angle FHA, it is obvious that y= @ — J and g=ot+4: whence 
we fhall have thefe two for one two 


> 


taking | ‘away the "and that 
fin (@ (9 + 4) = fin (29 + 2) and fin 
x cof y= fin (29 — - 2); there, will refult 


> = fin = = = fin ax eof 4) x fin @-¥), and 


fin (29 + 2) = = cote fin) n (e+ 


Take the fum and. difference of thefe two equations, and, 
for the fums and. differences of the fines and ¢o-fines, having 
2 the 


| 
| 
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the fame co-efficient; fubftirute the. products’ that are. to 
them ; we fhall have, : 

fin 20 afin afin 9nd + 2 cof and 
¢ cof 2@ fin =— 2 finncofocof 2 cofn fin cof 
Now, finz fin + cof a = and 
fin a cof @ + cofa fin ¢ = ‘fin therefore; 
fin 29 cof af = 2 cof 2) fia 

e cof 29 fin 2y = 2 fin (9 ~ 2): cot @) 
‘Tf in the” fecond‘of ‘the equations (A); we write 2 fin for 


fin 2y, fhallobtain ecof 


whence fin = ‘But cof ay = 1 fin = 
fin @ Subftirute thefe values of fin and 
 col* 20 


cof 2) inthe firft of the equations (A) and, after having redu- 
ced, there will refultyy, 
e*fin 29cof *29—2fin* fin: 29 cof (o—n) cof2g.. 
Now, 2 fin? (9 — 2) = 1 — cof (29— an), and fin (@ +n) 
x cof(¢ — 2) = fin 
the terms, | 
fin29—e? fin 20cof" 20 (29-27) 20 fin (29-22). 
But fin 29 cof (29 — 22) — cof 29 fin (29 — an) = = fin 2n: 
therefore, if ‘we put « = fin ag = our. 


which. equation will ferve to 26; 

WE have ftill to find the angle ): for this purpofe I refume - 
the equations (A), and MAORI. crofs-wife, and dividing by. 
2¢,.there. tefults, 

For fin 2ip-write 2 cof}: and for 2 fin* write 1 — cof 
then, having properly difpofed the terms, we fhall find 


(fin 29 fin n)-+-cof 29.cof(¢—n)) cof 24 = = cof 290 cof 
| Now 


i 

| | 

| 

_| 

| 

| 
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Now, fin 29 fin. + cof 29 cof (6 a) = of (O48): 
therefore 
cof (9 + x cof = cof 29 x 
as is now cof, will be found. cia 
portion, 

Havine thus found both the angles g and difference 
give the angle » which is fought. 
_ In order to render,the method of computation, detiiveds from 
the preceding analyfis, as fimple and as comthodious for ptac- 
tice as the nature of the fubje€& will permit, we thal change the 
letters @ and } to denote the double of what they have hitherto 
done ; and we fhall alfo put m for its eines an: ; This being ob- 
ferved, we have the following rule: , 

a. Let there be formed this cubic equation 

from which is to be found : = 


cof 2 : cof 


cof cot 


by which the will be found. 
THEN 9 = 2» = arch of eccentric anomaly. . 
‘Tuils rule would be rigorous and exact if we could give. to e 


the value it has in the formula and 

means of the rae, we compute a  feries of arches, 


by for the values OX ——., 
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» Bec. 5 p; will c converge very 
to ‘the exact ‘value of the: of eccentric 
erring alternately in. defect and in excefs. For the arches that 
we. here, denote-by py are Amanifeftly no RO other than: ‘the 
doubles of the arches formerly denoted re- 
"72. It is that, fince ¢ is. néver greater than 
the cubic equation in the rule aboye, i ig of the, form which ad- 
mits only” ‘one real Toot, 6’ thie’ it may either be stefotved by 
CaRpan’s :Tule, on by. the methods of 
itd rot is always pofitive. bree 
Ir is to be remarked too, that in ‘the fame cubic ‘equation, 
x= 1, or fin finm=1; and, confequently, | 
= 90 © when m= ="90°. Pende, is ‘eafy infer, that the 
arch @ is lefs, or greater than a quadrant, or equal to it, accord- 
ing as the arch lef, or greater than‘a quadrant, or equak 
to it. This remark is neceflary to determine 9, when i its fine x 
is .given,on account. of the ambiguity. of the fines. ; 
When Mm =. 994 « or fin m = I, we fhall manifeftly have the 
cafe of the, problem that we before (Art. To.) confidered fepa- 
rately. But. though’ we have here fin @ = 1, and @ = go°, we. 
hall in vain look for a folution of this cafe from the general 
rule, (Art, 11.) : becaufe the firft ‘aha ‘third’ terms in’ the ‘prot 
portion: ‘for: computing’ beconie:evanefcent. may, 
however, deduce the-rule of fealculation; of Art..10.. from abe 
néral: inveftigation. of the following manner : 3 
Resume the firft of the equations (A), writing 
the ¢hange ‘made’ in the nota- 


4 


4 
| 
| 
| 
; 


Suppote cof fince = ="2 fin a 


NEW 


‘ 
\ 2 


in = tan > tan’ 4 ‘We 


T+ cof AS for fin ita value — ay 


_ fn 


| Hence we havé shothiet general’ tule for chien @ 


is_ given, ‘which is thie: 


Tune m = 90°, Qo with, 
that already given in Art, 10.! And it may be of ufe; not only 
fo. 

THE which we have difeutfed ford 
mulas of computation that have been deduced from the analyfis, 
leaves no aes | in applying them to practice, Thefe rules 


are 
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cafes schatever, far computing: €écentric 
anomaly, when the mean amonialy: is given. They. ewibrace 
the pr¢ incits fulleft, extent, .and, 1 point of 
nothing more is to be withed for. | 

then, we have a general and dire@ of ‘deter: 
mining the motion-ef-s bady: deferibidg, a0 elliptic orbit, whe 
ther the eccentricity of the orbit be fimall or great. The me- 
thod is fo extenfive, as: even comprehend: the cafe, when the 
elliptic orbit, having become indefinitely flattened, the motion 
of the body is no longer chive, biatih a ftraight line, tend- 
ing to, the, centre Vi de Prin. Math. lib. 1. Jeét. 7 


otder to Hin fttare the: 


in the rules that have been inveftigated, I thall: now. fubjoin two 


“‘exantiples. I have felected, for this purpofe, two problems re- __ 
lating to circle, taken from.a.work of M. Eurer, (Int.i in 


‘Analyf.Inf. | lib. xi. cap. 22. prob. 4. et -) where ore are Fefolved 
the fnethod. of trial and error, 


of the diameter.of ; divide the femicircle 
_ inte two equal parts. 


TAKE D, the centr nit 
circle, and draw. PET FRER- 
dicular to AB: It is mani- 


feft, that the BUR will 2° 


be equal to the feGtor BAC; 
and that BE, being the mean 


anomaly, BC willbe’ =A 


maly of the eccentric, 


and ¢= 1: and we muft compute by thie 10813 


| 


4 | 

| | 

| 

| 
| 

| 

| 
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1. To compute the firft term in the. 


to BC: Since wehave 


2 = = 


Now Tog. tan > = 9:7 74005% di et b 


“Jog. ‘fin x 9. = fin 


2. “To compute the fecond term have 


_ fin 28’ + = ina 
and tan A = ¢ x fe 


log. fin 21° 23'= | 


re 
4 hea 


/ 


fec 4s 


dy 


4 


fabtrad log, vase {S218 28) = 
log. tan A = 10.1 04068 de 


\ 
j 
i 
; 
j ‘ 
~ 
{ 
{ 
i 
i 
| 
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The and = 99" | 
“log. fn 45° = 9.8494850 
log. fin = 9.5575716 = log. fin 21° g’ 


‘therefore, 2h 7 46, and P= 40! 14" 3 this of 
pis greater than BC. 


3. third ‘term we > have: 


are “10° 

~Togefecant 45° = 10.1 505150 


add conft. log. = = 3: 5362739 


= 4. 1038037' 


log. = 9.557380 = = log. fin ar° To’ 24", 
Therefore 2a = 42° 20° 48", and’ v= = 47° 39 12”; this value 
_ of p” is lefs than BC, - 


| Tue 


| 
| 
| 
| 
| 
| 
| 
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| Tae more accurate value of BC, according | to the sompute- 
‘ton. of M. Ever, is 47° 39°12” 46": fo that the latt approxi- 
mation is already almoft exact. This: example ; is well fitted to 


‘illuftrate the convergency of the p, even in the 


~rence of a circle, to draw two chords, AH. and Halt | 


divide the circle into three equal hig 

Draw the diameter | 
“AB, and, from the ov . biisis ont 23 
tre D, draw the radius | 
DF, making, the angle 


BDE = 60°.. Becanfe- 
the fegment AH is one- 


~ 


circle, it will be two- 
third parts of the a. 
circle : therefore the .. 
feGtor HAB will be ene 
third part of the Seine 
circle, and. will bee: © 


qual to the fector BDF. ‘Wheref ore it is BF, 


the mean anomaly, BH will be om ano of the eccentric : 
fo that in this cafe we have m — 60, ands = =,I. 


1. To compute the firft have ¢ and the 


cubic equation becomes fimply, x3 = fin m ; whence x = fin 


108: 


\ 


: A ef “& IG, 
¢of 


| 
| 
| 
| 
| 
ird part of the whole, 
= 
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. 


confequently = 30° 33's is lefs shan BH. 


For next term have 


fin 14° 43' 


arc 14° 43' 30 


Jog. fin 14° 43.30" 94051412 
add conft. log. = 3.5362739 


4 


ES 


» 


16 = 2.9414151 


* 
— 


alfo - Now, = 9937530, 


‘herefore logs = oe = 9.947% 136, — 1885547 = 


4 
- 


| 


| 

| 

(m—p) 
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The cubic equation becomes: x3 x = and it 
is manifeft that x is nearly = fin 72°-24';. and, pe cor- 
rected this value, wt the ordinary method, I find, 

= fin. 9 524420 


But, c 


‘og: 


= 


confequently > which is ‘greater ch 
BH. 
EULER finds 429° 16-27; therefore, 
BH = 30° 43 33”: fo that the fecond approximation fi, differs 
little more than half a minute-of.a-degree from the truth, _ 
Tue only cafes of KePuer’s) problem that are interefting 
to the aftrenomical obferver, are the two extreme cafes, when 
the eccentricity is very fmall; and whert it is very great, ap- 
proaching to unity. The ‘former of thefe two cafes is that of 
‘the planets, all of which defcribe orbits very little eccentric, and 
nearly :cireular 5: ‘the latter j 18 ‘that of ‘the comets, which, on the 
contrary, move in very eccentric orbits. The principal object 
of this paper is accomiplifhed im what has already been done ; 


but it will be no improper. ae to > apply. the uigeneral method, | 
to the two cafes juft mentisned: 


Tut fuppofition that is fall, 
greatly to: remove the chief difficulties that occur in the folution 
of 


| 
| 
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of KerLer’s problem. Indeed, it is only this particular cafe of 
the general problem, that we can confider to have been refolved, 
hitherto, in a fatisfactory: manner. We already poflefs many 
excellent folutions of this. cafe, fome of them deduced from the 
_ moft elementary principles, and others obtained by the aid of 
the higher calculus. To thefe another may be added, derived 
as a corollary from the general folution contained in this paper, — 
and which will be found not unworthy of the notice of aftro- 
nomers. 

Brcavse the two arches denoted by fe a pi are the double 
of the arches » and z, the arch » — p, which is the error of f, 
confidered as. an approximation to the eccentric anomaly, will 
be double of the arch »-—: therefore, it is obvious, (Are. 8. ) 
that the arch # — p will never be greater than — 


ating 


fightelt attention to nature of this is. 
ficient to evince, that it decreafes. very rapidly as « decreafes. 
If we evolve it into a feries, proceeding according to the powers 
of that feries will contain only. the third and higher odd 
‘powers. » Therefore, when ¢ is fmall, as it is in. the cafe of the 
planets, the amount of the above formula will be inconfiderable. 
It may. even be fo inconfiderable, that the error of p will be of no 
account.in practice, and the firft. approximation will give the 
eccentric anomaly with the requifite exactnefs. | 
_ By means of this formula, I have computed the limit of the 
error of p, for all the planetary orbits, and have hasaibtoatae the 
refults 1 in the table : 


Gg 


| 
| 
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_ | Value ofs | the error | 
| | of p 
Venus, .00688 5 0.0. 
Earth, },. 0,071 . 
Mars, ‘| .093088 9.8 | 
Jupiter, .048077 | 
Saturn .056223 2.1 
Georganm — baa 


approximation, obtained by the fuppofition of ¢ = «, in all the 
planetary orbits, is a very {mall ey and fwch as may be 
neglected on’ moft occafions. 

Ir is to be recolleéted, that the rule we have inveftigated for: 
computing the eccentric anomaly, would give a rigorous refult, — 
provided the exact value of e¢ were known.. But, as that value 
cannot be deduced direétly from the data, the repetition of the 
calculation is neceffary to correét the firft affumed value of ¢, 
and to make it approach nearer and nearer to the true. value. 
The method of proceeding that is directed above, viz: to aflume 
at firft e =, and from thence to deduce a feries of approxima- 
tions to the arch fought, is perhaps the only one that will apply 
univerfally, and°in all circumftances-of the problem. But it‘is 
to be obferved, that the reafoning: i in Art. 4, 5, and 6. will re- 
main the fame, provided only that the firft affumed value of ¢ 
be greater than its true value: and, if the firft affumed value of — 
e be lefs than its true value, the reafoning will not thereby be 
efféntially altered ; all the change that will take place, is, that 
the error of the approximations will now be alternately in ex- 
cefs and in defect. Therefore, in applying the general method, 
if we can take hold of any CIOUMIEEANICES, peculiar to the parti- 


_ ear. 


| 
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cular cafe, from which we can direétly deduce a nearer value of 
ethan the fuppofition of ¢ = «, we will avail ourfelves of fuch 
circumftances, and will thereby obtain a feries of approxima- 
tions, converging fafter to the eccentric anomaly. x 
REsumeE the general equation of the arches of eccentric and 
mean anomalies (Art. 2.) viz. 
it is evident, that the lefs ¢ is; the lefs will be the difference of 
_ the two arches m and p; and that, when ¢ is fmall, the quanti- 
ty ¢ fin » will be nearly equal to the quantity « fin m. There- 
fore, if we an fuch that 27 = it is ob- 


vious that we ‘fall hive = — nearly, and, confe- 


quently, ¢ = X neatly. fpeak more the 


error of the affumption. ¢ =, will be of the fame order with 
the third power of the eccentricity ; but the error of the affump- 


will be of the fame order with the fourth 


power of the eccentricity *, 
| 


fie 
kp 


fo that poy error of the fappoftion is thanifeltly of the 
— from the equation m — w =: finw, we eafily derive fin » = 


fin m — ~ fin 2m, neglecting the terms above the firft order: and, fubftituting 


and ¢ = X= $3 


4 


| 
| 
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Ir has been fhewn hott; that the error of the firft approxi- 
mation, derived from the affumption ¢ = ¢, is almoft’of no ac- 
count, as to any real pra¢tical purpofe, in the orbits of all the 
planets, excepting ‘ice and much more Mister this conclu- 
fion be true of the more exact affumption ¢ 


LET us now confider the cubic equation which the rule re~- 
quires to be refol ved: the equation iss cy 
and, in the cafe we are now occupied mith, e is {mall, ‘hein. 
nearly equal to the eccentricity. Multiply all the terms of the: 
equation by write fin for x, and. cof* @ for 1 — and. 
we eafily obtain, 
fin ¢ = fin fin ¢ cof* ?. 
= this formula it is clear, that the term ¢ fin ¢ cof? ¢ is incon= 
fiderable in comparifon of the other two : therefore fin ¢ = finm 
nearly ; and, confequently, the two. arches ¢ and m will differ. 
but little from one another. From this confideration, we readi- 
ly derive a feries of approximations, 5 converging 
very faft tothe exact value of @; viz.. 
fin ¢ =fin m+ ¢ fin m cof? m 
fing” = fin m + ¢ fin @ cof* ¢ 
fing” = fin m fin col? 
and fo.on. The error of. the’ firft. ‘approximation: ¢’, 18 of the 
order 


this value fin win the feries we’ have, (negleding terms, above the 
arder 


n 7 


m + fin mx fin 
and this value of ¢ is exact, as far as the toh e* inclufively.. 
being thrown: into a, 


Bur the affumption eX = 


and therefore the error of this affumption is of the order e+. 


7 
| 
| 
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order ¢¢ or ¢; that of the fecond approximation is of the order ¢ ; 
and in none-of the planetary orbits will it be neceffary to pufh 
the approximations further than the fecond term of the feries..’ 
‘Tue method of finding the arch ¢, that has juft been explain- 
aa is vefy commodious in practice ; ; becaufe the value of 
_@-fin ¢.cof* ¢ is eafily computed by the common tables, when a 


known arch is fubftituted for ¢. ‘But we may, with advantage, 
apply the method of infinite feries to the refolution of the — 


tion. If we put! and = x we have 


fin = cet 55.2% &e,). 


‘Tue rule requires: ftill another operation, viz. to — the 


arch ¥. For this purpofe we have a Proportion 
“cof : cof 9: cof te 


+ cof 


But, in the cafe we are now ey a the arch Ay is always: 
-fmall: and, on this account, the proportion above is of little ufe. 
in practice,.when any degree + of accuracy is required. The rea-- 
fon is, that the common tables. are not computed to a fufficient: 
number of figures for determining {mall angles from their cofines.. 
We will, therefore, prefer the other method of computing ¥. given. 


in Art..12. which is. not liable to the fame inconvenience. 


Tue obfervations we have now made, lead us to the follow-. 
ing rule, for computing the of the eccentric in the or- 


bits of the planets : | 
1. the arch + from formula xX finm. 
fins 


2, COMPUTE ¢ = X and determine the arch ¢. 


the equation fin ¢ = fin m + ¢ fin. ¢ cof £9. yi 


tan A = ¢.X x tee 45° 


cof 


= tan = x fin 45°. 


THEN 9 — 


| 
| 
| 
| 
| It: | 
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Ir is to be-kept in mind, that the arch found by this rule is 
only the firft term of a feries of approximations, converging 
very faft to the eccentric anomaly: and that, by a repetition of 
the calculation, a refult may be obtained, that will fatisfy the 
moft. {crupu!ous accuracy. But the rule may be confidered as 
exact, as to any real practice, for the orbits of all the planets, 
excepting Mercury: and, even in the orbit of Mercury, the er- 
ror will never exceed a few feconds. Let it be obferved, fur- 
ther, that the error of the rule is chiefly in the arch J: for the 
error of ¥ is of the fame order with the error of ¢ ; whereas the 
error of ¢ is of the fame order with the error of e% 

Examp.e. Let it be required to find the eccentric anomaly, 
correfponding to the mean anomaly 64° 37 8".5 in the orbit of 
Mars, fuppofing the eccentricity to be = .093088. 
WE have here m = 64° 37’ 8”.5, and « = .093088. 


1. To compute z from the formula 27 = « finm; 
| log. ¢ = 2.9688937 
log. fin m = 9.95 59089 
conft log. = 3: -5362739 | 
27 in minutes = = 2.4610765 ; 27 = 289’; and = = 2° 24" 
; and fin = fin m + ¢ fin m 
Sinz = 8.6219616 
= 2.9688937 
conft. log. = 3.5362739 
 fum—to= 
fubtract log. 144 = 2-1583625 
log.e = 2. 2.9687667 
log. ¢ = 3-9375334 


log. finm = 9.9559089 
2 log. cof m= sb 2642510 


Ze 


efinmcof?m= 3. 1576933» and fin m cof*m = 10014378. 
| “To 


i 
| 
i 
t 
; 
‘ 
j 
i 
j 
4 
sam 
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To this adding nat. fin'm = .9034776, we have nat. fing’ = 
9949154, and = 64° 49. To have a more correct value of 


Log. = 3-9375334 
log. fin 9” = 9-9566250 
2 X log. cof = 19.2578320° 


¢? fin cof? 9’ = 3: 519904, whence nat ing= 9948966, 
therefore = 64° 48" 33’ 
we have tan A = ¢ X 


dog. 2.9687667 
log. fec 45° = 10. 1505150 


Som = 19.0758799 
og. cof 9. 9999994 


= 8. 7733146 


fin as? = 9.84948 
Tog. fin = 6227996 og fin 2 24! 16”. Therefore 


and y= fothat p= 9 — ¥ = 60°, 


da eccentric. anomaly required. 
I5. Ir remains now to confider the caft-of me ri ap- 


plicable to comets, where the eccentricity is' very great, or near- 
ly equal to unity. Here the general folution may be ufed, and,, 
even without. any new fimplification, arifing from the peculiari- 


ties of the cafe, will bring out.an accurate refult with very little 


1 
| 
| 
| 
| 
| 
| 
} 
| 
| 


eccentricity, or the quantity is equal to 
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Tue comet of 1682, hich. re-appeared in 1759, 
‘to the prediction of Dr Hat.ey, is the only one of which the 
period is known with any tolerable degree of certainty. M. de 
la LanpveE has fixed the period of this. comet at 28070 days: 
computing from this the mean diftance from the fun, by the 
law of Kerver, that the cubes of the mean diftances are as the 
{quares of the periodic times, we fhall find, that half the great- 
er axis of the ellipfe defcribed by the comet,:is 18.07575, the 
mean diftance of the earth from the fun being unity. Accord- 
ing to the determination of the fame aftronomer, the perihe- 
lion diftance, eftimated in parts of the fame unit, is 0.5835; 
confequently, the diftance of the focus of the ellipfe from the 
centre, is 17.4922 5: i eedins in the orbit of this comet, the 
1749725 — o.96 072 
18.07575 sted 


nearly : and we can now affign the true place of che comet in 
the orbit, as well as its true diftarice from the fun, at any given 
diftance of time, from the. Pallage.o over fhe or. 
lion. 

Examp.e. Let it be required. to find the. of the ec- 
centric of the comet 1759, (from which the true place and true 
diftance from the fun are derived ‘by eafy-and-known rules), 
16 days, 4 hours, 44 before or after the paltes over the peri- 
helion. 

The mean ai correfponding to the given time, is 
o° 12' 27”.83, reckoned from the perihelion; but, as our me- 
thod requires the mean anomaly to be reckon from the — 


lion, we have m= 179° 447 32.17." 


1. To compute the firft approximation to the eccentric ano- 


maly fought, we have = 0.96772 ; hence —=, 


1 =.0678 =a; fam = 0038715 = 


Then, 
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to. value. of ‘from the. equation, 
fince.é is.fmall in comparifon of a, it is manifeft that x muft 
be a very. {mall fraction ; and, confequently, xs inconfiderable i in 


refpec of. a x therefore x= = 20 5 nearly and, mying © cor- | 


rested this value, by. the. common method, we Shall find, 

| =.0547 = fin'3° 8,and fog = 176° 52. 
2 Ae ae firft-approximation which we are now computing, cannot 
be exact, even to: the'ncareft minute, it would be 'fruitlefs to pufh 
the calculation to a. great degtec of accuracy. For the fame 
reafon, I here ufe' the Proportion in the general rule, becaufe it © 


Fequires but” “one _Speration fe for viz. 


173°. 51'5. this is. che fir approximation to the eccentric ano- 
maly, reckoned from the aphelion, and is too{mall. ant, 

To compute. we, shave, 


xt we kina! near value of 18 10547: 
and, having corrected this value, we fhall find, xo fine = 

As is here a fmall angle, we muft the of Art! 12. 
‘to “find it with’ ‘the® inequifite exadtaefs this»gives tan A = 


fore Jog. = 8689481, = 32’, 
VoL. V. wherefore 


| | 
| 
| 
| 
| 
| 
| 
| 
= 
| 
| 
| 
| 
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wherefore. ¢—y= 54 36" ‘which ‘is ‘greater 
the anomaly of the: eccentric, reckoning ftom the aphelion, but 
very near to it: the error not exceeding’ three or four féconds. 
The eceentric anomaly reckoned’ from the perihelion, is. there- 
fore nearly 6° 5’ 24’, but greater-than this arch. 

16. In this method of calculating, thotigh any degree of ac} 
curacy may be obtained, yet when the diftance from the peri- 
helion.is very {mall, the computation: may run out to confider- 7 
able length. In feeking a remedy for this: inconvenience, I 
faw that much advantage might ‘be ‘obtained, by® compa- 
ring the motion in an eccentric ellipfe ‘with the motion in’ a pa~ 
rabola, fince at the perthelion they fo nearly agree. The. refule 
of this. comparifon will perhaps be thought to make an ufeful 
addition to the general methods explained above... | 

Let there be propofed this geometrical problem : “An | ec- 
centric ellipfe being given, and Kkewife a: parabola, having 
the fame perihelion’ diftance with tke ellipte ; ; it is requiredl to 
draw a radius vector i in the ellipfe, to cut off a fector® Lar? ois 
be‘equal’to ‘a given of the parabola. 

IF this problem can be acre: the —- of it it to the: 
prefent ‘refearch will be eafy. 

Let the radii vectores that cut off the oii feddr’ from the 
ellipfe and the parabola, be refpectively denoted by eand rs; 
and Iet-v and z-be the angles~that ¢ and r°make ‘with: the axes 
of the curves, reckoned fromthe perihelia.: then, 
the two.fectors as, variable quantities, we fhall. 

for thefe are obvi the doubles of the “ar of the two | 
city? chen from me known. ‘property of the. 


; 


103 


| 
| 
® 


; 
| 


‘denote the petihetion =a a(t and 


we thall obtain, byfubftiution, 


the of the being, by 


fition, equal to, the, peribelion. of we 
have, from the nature of the curve,- | 


| 
r 


Now. values of ¢*v:and that’ have bien 


is manifeft, that this fluent no 


a 
A ~ oy ‘ ” 
‘ 
7 


| 

| 
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the two angles, v and %, are fappofed | to re to flow together 
at the perthelia of the curves. - 


17 ACCORDING to the fappofition, the the e eccentricity € ia nearly 
_ fraction : but, as x tan = inereafes from © bo, it is ob- 


vious, that. the fluent, obtained above, will be. of ufe in com- 
- putation only toa certain limit, however fmall 2 may be fuppo- | 
fed to be. For the part of the fluent depending on A 
converges by. the powers of the. quantity Ax; and therefore, as 
long as ax’ is a {mall fraction, fo long only can we compute x 
when y.is given, by means of the fluent but when : has paffed 
that limit, the ftuent, in the form: here’ given to is Tonger 
Bur the fluent, although limited in its application by the 
confideration juft explained, will enable us to compute x when 
-y is given, and to determine the angle v of true anomaly in: 
the ellipfe, by means.of the angle x in the parabola; fara con- 
fiderable portion of the elliptic orbit bying adjacent to the peri- 
‘helion, on either fide. We may therefore deduce from it a 
~ feries that will ferve to compute the true place of a ‘comet in 
the portion of its orbit which ‘it deferibes during one apparition. 
order. to. determine the.angle by: means’ ofthe! angle 2, 
we, muft firk find, value of 2 in terms of ¥:‘and,’té aveid too. 
complex calculations, we fhall negleé the terms multipked by 
the powers of x, higher than the {quare. . The extreme {mall- 
nefs of A, in the orbits of all the comets, permits to fimplify the 
calculation in this manner, and, neverthelefsj'té obtain'a ‘refult,. 
that; will be fufficiently exact during the time of apparition, 
‘NEGLECTING, ‘thea, the\terms mukiplied bid x. 
the fquare, we have 


equal to unity, and confequently,: d; 
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A and B being indeterminate squantities, not. on A: 
) Then, riegleCting the quantities which the ‘degree of exactaefs 


jus to neglect, we thall wor 


If now we thefe in equation x and 
y, and omit. the terms common to both fides, there will L refult,: 


é 


2 


be 
But Gncey = tan = —fin’-, 


2 
= fin conféquently | 


Suprose v = z + the differedce of the 
two angles v-and which, it ,is ebvious, depends oni a, arid:is 
to be reckoned _of the fame order, with that ‘quantity : Then 


= tan 5 = tan busy’: y = tan ; therefore, according 


to si, YLOR’S these, rejedting the quantities that ought to be 


itt vats 


| 
) 
| 
3° 
| 
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WE ial now determine C me D, fo that a value of x, and 
its value already found, may be Thus we have, 


—A x x 


. 


2 


2Axfin? = Ex, 


D= B fin? 2 At fin. 
and, of A and} B, (Art. 17.) Pe 


D = fin? = — “788 
anid finally, ifs we. for ‘the powers of fin their values 


get to bof 


in ‘the ‘cofines of the multiples of the arch, we. ¢ hall find, 


{sto—78 cot val cot y 
Having 


| 
therefore 
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‘Having’ this: Found’ C and we have v dy 


cofz— 341 cof 22 —84 cof 3% cof 4% 


Having refolved: the problem. that ‘was propofed, it 


remains to apply it to: find the true place of a comet in an ec- 
centric orbit. For: this Parpofe, nothing more is wanting, than 
to be‘able to determine the angle x in the parabola, at any given 
inftant of ‘time, ‘reckoning ‘from: the: paffape over the perihe- 
lion.’ We ‘fhall here fuppofe, as a matter already known and 
demonftrated, the theory that is commonly given of a body 
defcribing’ a parabolic trajectory round ‘the fun, placed in the 
focus and. we make ufe of the aftronomical tables 
‘that have beer’ computed, for finding the’true place in that tra- 


jeCtory when the time is given. It’ would indeed be eafy for us 


to deduce the whole of that theory, and to explain the conftruc+ 
tion of the tables, from thé: fluxional 

‘obtained’ above: but’ this ‘would’ only" to repeat what i is 
ready familiar-to aftronomers: 

then, a body to -deferibe. the. given by its 
gravitation’ to the fun Placed 3 in the focus ; and let us compare 
the‘ motioii of the body ‘in’ the parabola, ‘with'the miotion of the 


comet in the’ €ceentric ‘orbit : Tf two bodies deferibe different 


conic fections by the ‘action ‘central ‘force; ‘tending to’ the 
foci of the curves, and varying inverfely as the {quare of the 
diftance, it is demonftrated, by the- writers. on central forces, 
(Vide Newr. Prin. Matb. lib. 1. prop. 14.) that:they. will defcribe 
areas, in the fame time, that are in the fubduplicate ratio of the 
two.paramieters : Therefore, the area deferibed’ by the body in 


the parabola, in any er time, will be to the area defcribed | 
| 


i 

‘ i 

| 

| 

| 

| 

i 
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by the comet, in the fame time as,the fquare, root of the para- 
meter of the parabola. to the {quare root of the parameter of the 
eliipfe; that is, as 3, as \/2p to/u or as to JP 
or as \/2 to\/1'+ #3 OF, finally, as VIF: + Ato I... But the area, 
defcribed by the comet in the eccentric ellipfe, that is, the fec- 
tor of the: ellipfe cut off by the radius vector g, is equal to. the 
feCtoxsof the. parabola, cur off bythe. radius vedtor + : -There- 
fore, the fector cut off by a radius vector drawn to the body, — 
defcribing the parabola by the folar force, will be to: 0 the fector 
cut off by the radius vector 7, in the proportion of \/1 +a to I. 
Now, in the table of the motion in‘a parabola, the arguments 
of the:-true anomaly are no other than the.areas cut off by the 
radii ve@ores; or, which ds the fame.thing, they are numbers 
proportional to thofe areas: Therefore, if. the argument of ‘the 
true anomaly of the body in the parabolic traje@ory, found for 
the given inftant of time, be diminifhed in the. proportion of” 
Vt +a to 1, we fhall have the argument, which in 
the table, to the angle z required.) 2.) = 

We have, therefore, this rule. for Ending the z at ant 
given time, by means of the table of the motion in a parabola * : 
Let d denote the interval between, the given time and the paf- 
fage over the perihelion, expreffed j in days; then z will be the 

I r 
Having thne found the angle. % in. - parabola for the given 
time, we muft apply:to it the equation in the SOR: of Ast, 18. 
to have the true in, eccentric Teo, att 
* Vide Table Generale du Mouvement des Cometes, de Lae 


angle in the table that to the argument, 4. 
pF 


that ne equation to be to % is additive. 


v 
| 
| 
| | 
| | 
| 
| 
| 
| 
| 
| 
| 
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Ly calculating the place of a.comet,'as. from. the.earth, 
the aftronomer has oceafion to compute, not 0H. the helioceg- 


the motion of the body in the parabolic trajectory, it is obvious, thatthe angular 
velocity of the former is lefs than the angujar velocity of the iat 
helia of the curves: therefore, fuppofing the two, bodies to pafs over rihi 
lia together, the body in ‘the parabola’ will advance before the comet. ut;.as 
the radii vettores in the ellipfe increafe at # flower rate than the radii vettores | 
in the parabola, the angular velocity in the ellipfe will *increafe at 2 fafter rate 
than the angular velocity in the parabola, 1 in order, that the aregs defcribed-in the 
fame time may preferve their jut proportion. Hence it is clear, that the angu- 
lar velocity of the comet will, in the firft place, become equal to the angular ve- 
_ locity of the body in the parabola, after which the former body will gain upon 
the latter ; the difference of the true anomalies will become lefs and lefs, and wall 
at laft vanith, the two heliocentric places exa@ly coinciding. Tol 

_, IF we denote by v the true anomaly, common to both the ellipfe and parabola, 


rhe the heliocentric places coincide; and if x ==tan , it will not be difficult 


to deduce, from the above, the equation for 


which is eafily to this, 


and, if we ant the seer multiplied by a and i its powers, we thall have 
Gmply, 


whence = 0.8098 == tan 39°, nearly. 


THEREFORE 9 = 78° : and, whatever be the eccentricity of the orbit, provi- 
ded it be very great, the heliocentric place in the ellipfe will, at this diftance from 
the perihelion, coincide with the heliocentric place in the parabola: nearer the 
perihelion, thé*true anomaly in the ellipfe will be lefs than the true anomaly in 
the parabola: and, more remote from the perihelion, the true anomaly in the 
ellipfe will be greater than the true anomaly in the parabola. I need not re- 
mark, that this conclufion is not to be underftood with the utmoft rigour; for we - 
have arrived at it by noite the quantities multiplied by the-{mall fra@ion a. 
and its powers. 


| 

} 

| 

if x? 2 
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.tric place, but alfo the diftance of the comet from thie fun, or 


| the radius vector of the orbit. The formula e= =p x 
x 2 


found i in Art. 16, will furnith a convenient ie for this purpofe : 
For, if we make = =x x = ‘tan > we fhall have 


and —*— - ‘herefore, all 


mene may be found, 


X, 
% 
{ 
4 
of 
& 
re... 
pti 
a’ 


ACCOUTREMENTS of Liéut Cavarky, “propofed: by the 
of Ancram, Colonel of the Mid- Lothian Regiment of 
Fencible Cavalry, and to bis: Exéellency 
Marquis CORNWALLIS, Lords Lituténant of ‘Ireland, 


March 4. 1799) 


‘Ome time in of 1797, had a 
“made at Drogheda, of different dimenfions, and of a differ- 


rd conftruétion’ from that of our Light’ Dragoons : : the mode 


of carrying. and of ufing it is likewife different ; and, as I have 
had confiderable experience of this’ carabisie ict that period, 
I take the Tiberty of recommending i it to the notice of his Excel- 
lency the Lord Lieutenant, in order that'a trial may be’ made, 
whether the adoption of fuch an arm might. not be of eteaiiaee 
to ‘the Light Cavalry. 

“Tue barrel is twenty-one inches i in length, (Pi. Iv. fig. 1.) and 
of carabine bore. The weight of the carabine is not more than 


pounds, The length of the bayonet-blade i is thirteen inches, 


2.) and there i isa {pring on the ring of it; to prevent the pofhi- 
Me ity of its flying off the barrel.’ The touch-hole is of a conical 


fhape ; the bafe of the cone Opéhing’ into the pan, the fummit into 


_ the barrel. The breech-plug is made to flope down towards the 
tou ich-hole, fo that the carabine primes itfelf, the’ — ‘ron 
Ti2 ning 


~ 


| 


; 
| 
| 
| 
| 
OTe 
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i 
| 
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ning. -into:-the pan.by_ means. wt two. inclined planes, one 
- formed by the fhape of: the breech-plug, the other’ by that of 
the touch-hole. The butt is excavated, fo as to admit the hand 
éafily,,and it is ftrengthened. by a plate of iron, which runs:from 
the end of the. thine round to the, end. 
which holds the ramrod.. 

TueE advantages which it over. the common 
are thefe: It is. ftronger,-becayfe it is fortified all round with | 
iron; itis upwards.of two pounds lighter; and, although feven 
inches fhorter in the barrel, it carries as far as the other. 

-ONE might expe¢t, that as the touch-hole is fomewhat larger 
than ufual, there muft be a greater explofion through it, and 
confequently a diminution of the explofion through the barrel, 
as well as of the velocity of the bullet; but the fact is, that me - 
-touch-hole, although it be larger at the bafe, it is not much 
larger at thé fimmit,. where it opens into the barrel,:than the — 
common touch-hole ; and, by frequent and accurate experiment, 
I have found, that, with the fame quantity of powder, the {mall 
carabine: throws a ball with a force fully equal, if. not fuperior, 
to that of the common, carabine.,. Perhaps the circumftance of 
the length af the barrel, correfponding better with the diameter 
of the bullet, may account: for this fact, and likewife make up 
for trifling ; -diminution..of the: explofion, from the barrel, 
which may poftibly | be. -occafioned. by» the fomewhat. increafed 
fing of the touch-hole. 

As this carabine primes itfelf, it be loaded on 
hack, at. fpeed, or in the dark, -or in windy weather, and 
under the cloak: when at. rains, ye have. never. known it ta 
mifs. priming ;_ and, by way of experiment, Ihave fired. it up- 
wards of twenty times fucceffively, and have always found, 
‘gn opening the pan, that it was as well primed at the laft, 
as atthe firfk thot. It can be fired eafily five times in a 
‘with the. affiftance of a fecond ramrod, (fig. 3.) which, 

“when 


| 


in ‘the LTC AT CAVALR 


when ‘the ‘dragoon ‘is: mounted: hangs: to his. 
or'to a button placed below the: right fhoulder. | By means of the. 


iron-platé, and the excavation in -the butt; the ‘dragoon is ena~ | 


bled to‘aét on: the defenfive’ againit ‘the ‘fabre;: by: ‘parrying, in 

cafe of neceflity, with the ufaal protects eftablithed in the fword- 
exercife, and, with the. bayonet: fixed, he.is likewife enabled to 
act on the offenfive, by giving point,.as well againft infantry as: 
. cavalry. The carabine is alfo fed with fo much eafe and ace. 
_ curaty as a piftol, as to fuperfede the neceflity of . encumbering: 
the dragoon with one. When he difmounts, it is thrown-over’ 


the left fhoulder, flung by means of a ring faftened to the han- 
dle of the butt; and the muzzle is flipped into a fmall leathern 
bucket, attached to the belt, a little above, and behind the right 


hip-bone. Tn this pofition, it is carried without the 
movements of the fword-arm. | 


Ir is to be obferved, that a powder fomewhat finer iraniilleed? | 


| than the common Government powder, is required for the ufe 


of this carabine 3 > and [ have found, on ney. that the” ex- | 


‘pence, of | granulation i is a mere trifle. - 


‘THE carabine is placed with the ae downwards, babii : 


the. right thigh of the dragoon, in a long holfter, (fig. 4.) which 
reaches above the lock and ‘protects it, and which is faftened at the 
bottom to a. girth, by means of a ring and ftrap, and at the top 
bya Joop t to the back-part of the faddle. It might be faftened on 
before, in the manner in which dragoons ‘ufually fix their buc- 
kets, but, by the above method, it is not orily out of the way of 
the action of the fword-arm, but it is of no more encumbrance 
to him than the ‘piftol, and can ‘be dtawn and returned with 
greater facility, there Deing no flounce to’ the holfter, which is 
trumpet-mouthed, in order to render this operation the eafier 
when performed at fpeed. The hammer is likewife raifed as. 
high as the top of ‘the cock, as a guard, in order to prevent the 
poflibility. of. the | Piece cocking itfelf, which fo often happens to: 

the.: 


— 


| 
| 
| 
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the piftol fuddenly retirried,. and.to carabine or muf- 
ket, when brufhing through an hedge or other inclofure. The 
facility of drawing and returning the carabine, alfo renders the 
ufe.of the carabine belt and fwivel to the dfagobn when. mount- 
ed unneceflary ; 2 matter of no {mail importance, asthe carabine 
when flung almoft difables the fword-arm ffom acting. A fimall 
priming flatk, (fig. 5.) containing about two ounces of powder, 
made of horn, which hangs from ‘the left fhoulder below the — 
right elbow, will be found of great convenience, by faving the 
breaking: of a freth cartridge, if in or wet 
piece fhould happen to mifs fire. 


_ Lave likewife to add, that, owing to the number of acti- 
dents which troop horfes are fubjeé to, from the weight, i in- 
convenience, bad conftruction, and. infufliciency of our ‘dragoon 
faddle, I have made fome alteration on the commen huffar-fad- 
~ die, which, I cannot help flattering myfelf, corrects, in a great 
the defedts of both. The common huffar-faddle is 
fhorter than ours; it raifes the feat of the rider confiderably 
above the horfe’s back. The ftirrup-leathers. are likewife re- 
moved further back. Owing to thefe circumftances, the huffar 
fits very high and erect on his horfe ; he appears rather to reft 

on his fork than on his feat, his balance inclining forward, 


The principal advantages of this faddle are, that it fits all hortfes ae 


equally well, and that the back-bone of the animal i Ag perfe@tly 
free and untouched. The difadvantages of it are, ‘that, by 
placing the horfeman fo high above the horfe, the fecurity of 
his feat i is affected, becaufe, the nearer a'man fits to his horfe’s 
| back, the firmer is the grafp which he is able to make with his 
thighs, and the lefs likely he is to Jofe his ‘balance ; ‘and al- | 
though in a flat open country the inconvenience of the huffar- 
feat may not be fo much felt, yet ina hilly or inclofed one; and 
where leaping is neceflary, the rider is continually expofed to 
be thrown forward on his horfe’s “neck ; befides which, there 1 is 

a 


in the AR MS of LIGHT CAVALRY. 252 


a confiderable degree of trouble and tinie. Gddlitig, 
for, after the faddle.is put on, which is little ‘more’ than a tree, 


_ the fheep- fkin or cloth is to be thrown over and faftened. > 


. Tue alteration I have made confifts in Temoyjng the cantle 


about two inches back, and the ftirrups one inch forward ; by 


deprefling the feat ‘to within one inch of the horfe’s back, and — 


by. making ait. fomewhat broader. ‘By. this means there is ftill 


a current of air. running»below the fadd!c, the dragoon' ftill re= 


tains the manege-feat, and all the’ material advantages of the 
_huffardaddle arepreferved. The faddleis covered wi 
it is infinitely ftronger, poffeffes every : our. 


dragoon-faddle, and weighs ‘five pounds lefs. 


In general, I cannot help obferving, that dhe fies onli to 
be confidered as the ri ight-arm of light cavalry, the carabine 
or piftol merely as an auxiliary, to ‘bé ufed when the {word is 
rendered ufelefs, or in a woody, morafly, or inclofed country, 
where a light horfeman is unable to come to clofe quarters a 
his adverfary. A light dragoon ’ cannot be too lightly clad 
arthed and-accoutred ; for, as activity and expedition are his 
principal qualifications, he muft not be encumbered by any un- 
neceflary weight. A light dragoon and his horfe fhould be 
confidered as one animal: his arms mutt. be fuch as he can ufe 
with eafe and dexterity when mounted ; at the fame time, pro- 
vided it can be done without any additional encumbrance or in- 


convenience, there is no reafon why they fhould not be adapted 
as much 2s poffible ‘to his defence ‘when difmounted ; but, if 


you attempt to make: ‘him equal at the fame‘time to an huffar, and 
to an infantry mah, you inevitably render iim inferior to either. 

the tarabine-defcribed above, think the! pittol totally 
unneceflary.  A’dragoon: caii only load and :ifire one wrm atia 
_time in a¢tion; another is fuperfluous ; it only gives him addi-~ 
tional trouble, and his horfe additional weight ; befides which, 


when 


leather 5 


7 
| 
| | 
| 
| 
| 
| 
. | 
| 
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when. fie: obliged. to leave: his: piftol. in hie 


holfter, fo' that one half of his arms remains with his horfe. . 

I conress I am fanguine enough to conceive, that this arm 
might be in general ufe for the light cavalry, or,at leaft, Rec 
to every regiment of cavalry, both light and heavy, according 
to its. ftrength, a light fquadron or troop fhould be: attached, — 
armed as above, to act relatively. to.the eft of the: regiment, as 
the light infantry do. to. the vbattalions companies ; 3» and. who 
fhould be conftantly. exercifed: in. detached duties, fuch as 
formed fkirmifhers or flankers, {couts, vedettes, &c. 
y being thus lightly armed: and.accoutred, are better 


Thave the honour to 


> 
* 
~ 
‘ 


Military Secretary to bis Excellency 


w 


remove: the-holfter. and. carabine: from behind. the 
right! thigh, to;-the fore:part of the faddle, .where, a dragoon 


ufually fixes his: bucket, having obferved, that at clofe files, the 


. 
} 4 


+ 
| 
| 
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| 
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the DEVELOPMENT of the AL EBRAIC FoRMuLA 
— 2ab cof 9)", by means of the erimeters. of two 

-Elllipfes, when n denotes. the Half of any Odd Number to 
gether with an ApPENDIX, containing the INVESTIGA- 
_ TION of a Formuta for the RECTIFICATION of any ARCH | 
of an Exuipsk. By Mr WILLIAM WALLACE, Affftant- 
Teacher the Mathematics in tbe of Perth. 


my 


feries: of  this--form, cof 39 + &c. 


Here @ and b denote the diftances of the planets from the fun ;’ 


denotes the angle of commutation ; and the values ‘of hy more 
the fubject of confideration, are = 3, ,and— =. 


‘Tue determination of the’ toe 
cafes, appears to have becm confidered ai a matter of difficulty 
by the mathematicians who. firft: applied:to-the folution of 
the problem; <for they found, that, although:it-was, only ne- 
ceflary to compute the firft two coefficients A and B; the reft 
being eafily derived from them, yet it did not appear that they 
could be expreffed i in finite terms, nor by means of circu- 
lar atches,““or ‘by Jogarithmis. 'Retourfe wae therefore had ita 
othef methods, and chiefly to the method of infinite feries ; but 

V.—P. II. Kk as 


cients A, B; ‘in 


1. JN calculating the effect of the mutual action of two pla- ~ | 
| 
| 
| 
| 
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as the feries which moft readily occurred to them, converged in 
fome cafes fo flowly-as.to.be manner. ufelefs,..no..fmall..de- 
gree of analytical addrefs has been found neceflary, either to’ 
render it more convergent, or to find the fum of a competent | 
number of i its terms, with a moderate degree of Tabour. | oa 
2. Burin confidering the fubjec, it has occurred to me, that 
: although we cannot exprefs the values of the coefficients in 
finite algebraic terms, nor even by means of circular arches, 
or by logarithms, yet when n is the half of an odd number, ci- 
ther pofitive or negative, we may always exprefs them by means 
of the proportion which the perimeteré, or femi-perimieters, of 
‘two ellipfes bear to thofe of their circum{cribing circles. The 
problem may therefore be reduced to the rectification of the 
circle and ellipfe, and. mathematicians know that fuch reduc- 
tion is confidered as the next degree of refolution, in point of 
fimplicity, to our being able to effect oe Sor asta sl means of 
circular arches, or logarithms only.” 


fluent taken, we get 


Let take'the fluent generated, while from o becomes 
-afemicircle, then fin-9, fin 29, fin:30, &e. all vanith;, fo ;that, 
putting # to denote half the sisal of a wsindl, of which the 


equation 


v 
| 
| 
| 
preffion for each of the coefficients A, B, O; 8c. in the equation 
N hke manner, 12 we multiply cach lide OF the 
| 
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equation by 49 eof 9, and the general of the 


fluents, we ee 


therefore, | 

‘el if we multiply both fides of the fame equation by 
29 cof 2¢, and take the relation of the fluents as before, we get 


aC cof 29(a* +5 — 2b cof 9)". 


- PROCEEDING in this: way, we might geta fluxionary ex- 
preflion for each of the remaining coefficients D, E, &c. but 
this is not neceflary, for they may be all found from the firft 
two, A and B, and from ‘one another, as we have. already obfer- — 
| ved the ‘fcale’ their relation has ‘been determined as 


follows *: ye 
Let the flaxions of che ms of each! fide’ of the af. 


~ +s 


be taken, and the whole be divided: by 0; alo for. the is kg of - 
act us put A for thus we get. 


__ + 2C fin 29 + aD fn + 
cole Boole +C cof D cof 39+ be. 
tee the numerator of each fide of this equation be now mul- 
tiplied.. by the. denominator of the. other ;fide, fubftituting 
fin (pr+ 1) 9+ fin (p— 1) ¢ for 2 fin po, and, fin(p + 
| —fin ( ne for 2 fin @ cof the =o 


we get 
| at LAB 


du Calcul Diflereatiel et Calcal Integral, par Lacnorx; vol. i. 
page 120. ae 


| 
| 
' 
| 
: 
| 
| 
| 


2C fin 3D fin 29 — 4E fn 39— fin 4p 
aC J 
“Bence we readily detec the following feries, of equations 
A 
Dt; +4 ¢ 
&e. &e, ‘ | 
Bur able to determine remainin 
cients of the development of the formula (a? + 5? — b cof @)e» 


where the exponent is 2, by means of the firft two-A and B, we 
can alfo determine all the coefficients of the deyelopment of 
(a? — 2ab col 9)", where the exponent is by means 
of the fame two coefficients A and B ; ; and my them we can de- 
termine the coefficients when the is where de- 
‘notes any whole number whatever“: 
For let us affume. ) 


‘A+ + Ccof a9 + cof 39+ &c. 
Prom thei two values of +6 —2ab cof by due reduction, 


page 120. OLR SBAG 
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and fabttivution of of cof{ (+ 


: 


F; 


Hewce zit follows, that, 


t 


determine A’ the coefficient ; ‘but that, 

as well as.B’, may be’ readily found by confidering that we have 


therefore, fabftituting n—t. for 2, for for: the. very 
fame reafon we get 


Cx 


Bx comparing ‘gether thie vale she values of BF 
C’ as given the feries of equations, and fubftiruting 


for A its value = 


| 
Or. 2:COl COLPO, we get t ollowing equation, | 

c | | __D | 

| ab Le aD. 
| 

| 

| 

B (a*—5*)* A+ nla? —_—b*)* B. | 

6. Ir. 
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6. Inj 1s obvious, that if we had fuppofed A’ and B, the firft 
two coefficients of the feries A’+ B’ cof. o+ Cc cof 20 &c. | 
known, we could thence have A and B the firft two 
coefiicients of the feriés A+B cofg+C cof29+ &c.; fo that, 
in either cafe, the remaining coefficients-C’, D’, &c. C, D, &c. 
which depénd firft two in feries, would be 
known. 

HENCE it tat while on one ¢ hand we can pro 
ceed from the cafe in which the exponent is 2, to thofe cafes 
in which the exponents are m— 1,” — 2, &c. fo, on the other 
hand, we can proceed | from the Sansa cafe, to others in which 
the exponents are 2+ T, n+2, thus we may go on, ac- 
cording to a defcending or afcending fcale, as far as we pleafe. 

7.1 Now proceed’ to the chief object of inquiry in this paper, 
namely, to find convenient geomettical-expreffions for the firft two 
coefficients A and B, in fome particular cafe, where the expo- 
nent As the half of an. odd number ; and tI felect. that in which 


4, its. importance ini phyfical. but 
it.is evident from what has been already that: 
hence we may in-the of 


“Ler us therefore this 
@ — 2ab cof 2) 3 ait ¢ + Ccof 29 + &c. ; 
or, ‘pucting for the fake brevity, «= ‘= where 1s fuppoted 

(r+ e—2s cof = (A+ B cof p+ Ceol 29+ &c.) 


Then, from what has been 3.) we have 
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| 
to abe confidered as while increafes from 


> 


Ler us an adi that 


Sin 


ite this affumption i it is evident that. when Q= = ©, then v= Em 
and. when 9 then alfom 

KING. now the fluxion of cach fide our equa. 
tion, we get 


and the fragtional quantities to a ‘common deno- 


minator, and ‘cof ‘for fin *9, the fame equa- 


_ Bur, cof (cof ~—+), the numerator latter fide 
of the equation, may be otherwife expreffed, thus, _ 


— ascof hence. At. follows thar 


(1 +28? —arcofg)* 
and, the fluents when 9 =, 


5 


| 
7 | 
| 
} 
j 
| 
| 
| 
| 
4 | 
Let | | 
‘ 
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Ler us Now fabftitute 2 cof. Se its equal, cof and 


the fluxionary I + cof becomes 


wea. 


we alfo get 


Ler ADB be an ellipfe, of which the vette axis 
AC= 1, and excentricity = and let AKB be id’ cirele Having 
AB, the tranfverfe axis, for its diaineter ; Ter FG, any eitdidate 
to the axis; meet in H: if we the 


arch AH = §, itis well known, 


tic arch AF; therefore, when Cod fic 
= =, the fluent of 


“ 


ly be expréffed by ‘ADB, the éf'the ellipte Let 


oot will evident 


| and ve excentricity of the: .ellipfe; has | 


and therefore the. excentrcity = and th 


9. Havine now found a geomettical’ 


fimple, for A, ¥’proceed to’ expreflion for 
_ the 


: 
\ 
| 
| = 
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which, we have already feen (Arti 


vi 


and, dividing both fides by 
— «cof 9) 

| 
Again, from. 0 our ar equation, we 


fa*) = = and therefore, 


ein 


Ler. she product of the correfponding files of the equations 
(a) and (@) be taken, and we get _ 


Now we have found, shoot = 
aking the rites fum of thefe two equations, it follows that 


+ cof ee cof 


| 
From our affumed equation, fin = we have | 
found. 4) cof — coh (of Art. 8:}; but, Gncefrom - | 
| 
| I—2#col@ | 
| 
| 
| 
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TAKING now the fluents, when. and 9 = fub(ituting 


9 


AdB. be. ellipfe, its -alfo 


= 1, but its excentricity =¢; let its conjugate axis meet the cir- 


cle in K, and let gf, an ordinate to the tranfverfe axis, «meet the 
circle in 6; then, if the arch KA be denoted. by }, the fluxion of 
the elliptic arch df will be exprefied by there- 
fore, when = x, we have efi to AdB, “half 


the perimeter of the ellipfe.” ‘Let us.put (E’) for the: femi-peri- 
meter of chis fecond ellipfe, and our laft equation becomes 


9... 7) 


and, by proper reduction, and of for or wel 


re 


and, the éxcttitricity of this other % its femiccon- 


Tuus we have: réduced cha) Ft iy of A and B, the 


two firft coefficients of the feries, and upon: which all .the..re- 
_ maining’ ‘coéfficients depend, to the rectification of the ellipfe : 


now this is a problem which we can readily tefélve,’ by means. 
of infinite feries, in every cafe that.can poflibly occur. _ 
10. next obferve, that in determining the coefficients A, B, 
8c. we are not confined to the two ellipfes juft now inveftiga- 

ted; for, inftead of them, we may fubftitute other two, having 
chair excentricities as great or as {mall as we pleafe. This. pe- 


culiarity oF o our folution depends upon a very curious relation 
which 


| 
| 
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is known to {abGift between: indefinite arches, as well.as. 
between! the whole perimeters of any three.contiguous.terms of 
a feries formed by an infinite ‘number. of ellipfes, the axes, or ex- 
centricities: have. yes a yemarkable 
‘Ler E, EY, of 4, feries 
of ellipfes 5 4 Sie. their excentricities, and 
&c. their conjugate AXES § let thefe fo related to cach 


1—e 


= Thea 9 we hae falling, 
Fars, of. bck Wards by’ 
putting BE), &e. +perimeters of ellipfes of: which 
the excentricities are ¢’, &c. and femi-conjugate:.axes 


any ellipfe of the feries EE, &c. may be exprefled” by 
means vf, any other two ellipfes.of the fame feries: for the num 
ber of equations is. always two lefe, than: the tumber of ellipfes ; 
and . —" of. we 


of ‘the: ‘Royal Academy of Sciences for 1786. 
to 


— 
| 
| 
| 
4 | 
| 
| 
| 
| 
| 
| 
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can, by means of them, exterminate all the ellipfes; except three, 
and thus’obtain a fingle equation, cxprefiing a between! 
any tlree éllipfes' we may choofe'to retain. 

which denote the excentricities of the ellipfes, it will renilily ap. 


pear, that in continuing the feries 


Ii— 
nith ; for = G it is evident, that 


however fmall the conjugate axis of : any one of the ellipfes may 
be, the excentricity of the next ellipfe in the: feries' will’ bé ex- 
preffed by a fraction lefs than the {quare-c of-that which exprefi- 
ed the excentricity of the former; but if the. conjugate axis be 
nearly equal to the tranfverfe, then the excentricity of the next 
ellipfe is only.a little greater than: one-fourth of the. fapare of 
the excentricity of the former ellipfe. ee, 

LET us for example, ¢=. then j it follows that e= 
071797, = .001292, and ¢” is fo fmall, as not to admit of 


being expreffed by fewer than fix cyphers between’the decimal 


point and firft fignificant figure to: the:right hand; and, confe- 


'quetitly; the ellipfe of it is the not 


fenfibly from a circle... 

‘Hence alfo it follows; the of excentricities 
&c. continued in the oppofite direétion, muft approach ns 
towards 1, which\is their limit ; and if we fuppofe ¢=.5, as be- 
fore, we fhall have @ = 942809, ¢" = -999 566 ; as to ¢ ei it dif- 
fers'fo little from the ranfverfe axis, thatthe alliple, 6f which . 
it denotes the excentricity; ‘be confidered as’ a’ ‘ftrait- “Tine. 
Thus it appears, ‘that the rectification of any ellipfe thay be re- 
duced to thé rectification of two other ellipfes; éither confiderd- 

more excentric than itfelf; oF confiderably lefs excéiitric. 
12. It is now to be obferved; that the two ellipfes by which 
we have. _exprefled the coefficients of the development of the — 
formula te aah cof )" have the fame relation. between 
thenifel¥es, 
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to each other. . 


For, ¢ denoting the extentricity of ©), and ‘that 
of the ellipfe (E’), we have found e= ory | (Are. 8. ) there- 


—A=* and contequently + = 


we may change the fymbols (E) and (E’) for E and E, and put 
for s; and, fince we have the two equations | 

follow, that if any Of the two ‘ellipfes E iad 
FE, {by which we have expreffed the coefficients A, ‘B, &c.) have 
fuch a degree of exceitricity, as to be unfavourable to numerical 
calculation, we can exptefs'that ellipfe by means of the other 


one, and a'third ellipfe, which may be more or lefs excentric 


than either of the other two elipfes, juft as we pleafe. . . 


13. T sHALL now give, in the form. of. ‘pratical rules, 


the fubftance of the ,preceding inveftigations for _determining 
thé firft' two ‘coéfficients of the development of the formula 


2ab eof in the cafe when 2 = ; but from thefe 
and from what has been delivered i in, 4. and it is 


eafy to determine any number of the ere when: nis ‘the 


half of any whole number, pofitive or negative.) 4) 
compute A and B in the equation 
(a? + — 2ab cof +B cof C 20 
1. FIND &. half the: ‘perimetet of an ehlipfe, of which the femi- 


tranfverfe axis the = = and 


’ 

a * 2 


| 
} 
| 
‘ 
| 
| 
fo that | 
i 
| 
| 
| 
| 
| 
— 
GAT | 
| 


Ler: denote 3. 50,8 


either of the: elligies E, Gere fe ‘to ‘he fach a 
form, as that the feries for its: rectification converged too flowly 
then. another ellipfe, either more might be | 
ftituted for it thus: . ee 


Ler eandc denote ‘and. ‘axis | 
of the ellipfe E, and. é and c’ the fame things. of the ellipfe E’,; 


ond: c = thin évand will dei 
note the excentricity femi-conjugat axis of an n elliple more 
4- OR, compute =? = = sheng 


the excentricity and femi-conjugate axis ofan lefs 
‘excentric than either of the fame sllipfes. aS 


ComPuTE E* half the of the of which the 


excentricity ise. 
Or, Compute the -pesimeter of the 
ia 
Then, 
OM 


14, THERE 


c(i +c!) FE’ | 


aby 


are thro feties; which, ‘fo fares L:know, arethe bet 
adapted.to the rectification of the ellipfe, of:any hitherto publifh-— 


ody becaufe}:while both.are: well fuited to.a moderate degree of 
excentricity,: the one: converges. with. 


excentricity; is confiderable, and the other when:itis 


firk of thefe:feries; which appears to: have been 
nally given by Mr *, converges by the powers: of the fe- 
misconfugateaais, and, De expreficd, fo: exhibit, the 
law of the feries; as follows 


doud way od3 to sno io es 


re 2. 


4.6 a4 ‘20 2 ~ 

3 t. 2. 5 


Tue other feries was given Ivory, in a very ingenious 


paper upon the fame fubj edt*we-have been juft now cdifider- 


ing }. converges” by the differehice ‘of divided by 
“fothat if we fuppofe. set before, to be 


* In a in Ellipfis,” which 
forms part of the fecond volume of his Opufcula. 


+ TraifaGtions of the — Society of Edinburgh, vol. iv, 


| 
| 
| 
| 
7 | 
4 | 
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new;' and) «which, :befides  poffefling ‘the - -fingular ‘advahtage.of 

converging rapidly in every cafe of excentricity that.ean pof- 
Gibly.oceur, ‘bas: other properties that render it 

fitted: ‘tothe purpofe for: which itis wanted im this papers 


Half the perimeter = —Q). 

is evident from the form of this laft feries, that ie 
fidered as the excentricity of E, one of the ellipfes by, which we 
have exprefled the coefficients A, B, (Art. 13.)"it prefently 
lows, that ¢’, the next quantity that occuts in the feries, will de- 
note the excentricity of E’, the other ellipfe.* Now ¢’, &c. 
the fame functions of that bev are it: 
follows, that if 


_ (Bur im comparing together the pandP, aif Q and 
Q; it appeats: thar and 


fo that the ratios of the ellipfes” “Band their common ’cir- 
cumf{cribing circle, (which are what. we want: inthe. 


of the A and:B) may, be ¢ exprefled thus? 


| 
| 
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method:of determining’ thé-coefficients, which is de- 
>from» -laft feries for: the. reGtification of the ellipfe, 
therefore, feems better than fuch aswould.be afforded by either 
of the other two feries given in this paper. | For, befides confi- 

dering that there is no-quantity' required. for the computation of 
, which was ‘Bot previoufly: wanted’ i in the’ computation’ of 


it appears that the logatishins of shin quantities &e. alfo 


1-7, i +¢, &c. may be all derived from ¢, and from each 
other,. with gteat facility, by means of the common nen: : 
trical tables, in‘the following manner. 2° 


Ler be fuch an arch that’ fina =e, then 


and confequently é= = tans alfo I +e 


= fec + Again, by taking a’ fuch that fin = ¢!, we find, in 

like manner, = tan, and fec ; and fo on we may | 

go, as far as may be PHT: Hence i it follows, that | 
| PS fec fee - . fec 


| aiid fince we are provided with the logarithms of fec = =, fec ©, 


&c. alfo fin a, fin &c. the arithmetical calculation P and 
Q will be very eafy. 


I must obferve that this laft method of demaviiaion the co- 
efficients A and B, in the cafe of the exponent # = — 3, by means 
of the infinite produa P=(1+¢) (t+) (1+¢”) &c. and 
the feries = + &c. coincides in the refult with 
the method given by Mr Ivory, for determining the fame co- 


efficients, when the exponent is — =, in his very ingenious pa- 
Vou. V. —P. I. Mm per 


| 
| 
| 
| 
| 
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per upon that: fubjeft, which we have his fo- 
lution, however, is obtained without any reference to the ellipfe. 
_Tmitcut now fhew the application of the different methods 
here inveftigated, by calculating the values of A and B in fome 
particular, cafe, as, for example, in the cafe of Venus and the 
Earth ; but as thefe methods. have been fufficiently detailed, fo 
as to be eafily underftood by any perfon fkilled in arithmetical 
calculation, I fhall conclude this paper, and give, in thé'form of 
an Appendix, the inveftigation of a new formula for the recti- 
fication of any elliptic arch whatever ;. but from. which,, in the 
particular cafe of that arch -becoming a quadrant, we.imme- 
diately derive the third and laft formula mentioned in this pa- 
‘per, for the femi- perimeter: of an 


‘ 

H 

| 

| 

: 

AP PEN- 

| 

| 
| 


APPENDIX, containing the Inveftigation of a For- 


-a.curve line, is meant, not only the method of finding a 
ftraight line exa€tly equal to it, but alfo the method of expref- 
fing it by certain functions of the other lines, whether ftraight 
lines or circles, by which the nature of the curve is defined. It _ 
is evidently in the latter fenfe that we muft underftand the term, 
rechification, when applied to the arches of conic fections,  feeing 
that it has hitherto been found impoffible,. either to exhibit 
ftraight lines equat to them, or to exprefs their relation to their 
co-ordinates, by confiftx ~of 2 finite num, 
ber of terms. | 
refpect to the reftification of the circle and parabolne= 
there feems to remain but little farther tose defired. The deter- 
mination of any arch of the former of thefé curves is problém 
which fo-often occurs, its’ folution is rendered do eafy, by 
the aid of trigonometrical tables, that formulz, nyolying ; g) cir- 
cular arches, are confidered as nearly of the fame degree of fim- © 
plicity, as if they involved only algebraic fanétions:of’ ftraight 
lines; and as to:the latter curve, it is well known. that ‘the. for- 
mula exprefling:its length is.compofed of two parts, the one an 
algebraic, and the other a logarithmic funétion of the co-or- 
dinates, fo that, by means of a table of logarithms, we can . 
quickly afign the numerical value of any Portion of the curve, 


- | 
. 
} 
| 
| | 
| 
| | 
| 
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2. THE indefinite reétification of the ellipfe, or hyperbola, 
cannot, however, be effected by formule of fuch fimplicity as 
thofe which exprefs indefinite arches of the two former curves ; 
for the algebraic equations which define their nature, and Fein 
which we derive the formule for their rectification, are more 
complex than the. equations which define the nature of the ¢ir- 
cle and parabola. But it is to be obferved, that whatever diffi- 
culty there may be inthe rectification of the ellipfe and hyper-: 
bola, it is now confined entirely to the ellipfe; for by one of | 
the moft happy applications that has ever been made of the mo- 
dern analyfis to geometry, it has been difcovered, that’ the : rec- 
tification of any hyperbolic arch whatever may aways bé re- 


duced to the rectification of two: elliptic arches *. Thus, it: ap- 


pears, that whatever facility the following feries may : afford for 


the rectification of the ellipfe; it alfo be ‘underftodd ‘to ex- 

tend the fame to the rectification ‘of the hyperbola, and ‘to: every 

problem, for the folution of which the of 
tliefe curves is neceflary. 

3. Bur to proceed ‘with the inveftigation of our formula, let 
us. that'@ and are two of a circle, telated to 
chat 
‘fin 29. 

where denotes an invariable quantity. BYE 

THEN it is evident, that when 9 = is 


while increafes from ot to: a quadrant or = will alfo increafe 
from to 5. 


Taxivc now the. flaxion of our equation, we get 


ep fin *29 | 


=¢ ‘cof 295 
| But 


ad Tuts was by Mr whe publithed it in Phi: 
lofophical TranfaG@ions for 1775, and afterwards in his Mathematical Memoirs. 
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2 

Ler us now reduce the terms on the left-hand fide of cha firft 
fluxionary equation to a-common denominator, and we find 
+ 2¢) (e' =¢ ‘eof 
cof 
But from our affumed equation, we 


Hence, and from the laft fluxionary equation, we have 


Adith. filing the {quare of both fides of our -affumed equa- 


and therefore ps 


‘Ler each fide of the laft fluxionary equation bei now Aivided 
by the citi fide of the laft equation ; she we ene. 
ai 
and. by. comparing this refult with the fecond sores equa- 
tion, we alfo. find _ 


Let us next affume then it follows that Vi- 


and ‘= if we now fubftitute 


for cof 29, é for in expreffion 29) 


it is to (1 *9), fo that, after due 
reduction, 


} 
| 
| 
| 


~ Ww 
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redudtion, our two laft fluxionary otherwife 
exprefled, thus: 


Let us, for the prefent, denote the fluents of the fluxions 
which enter thefe two equations, as 


Ps. 


and the relation of the fluents will be expreffed thus: 
4. Now, that thefe have been 
ed, by affluming 


let us farther affume two fimilar equations, thus, wabie 

where it is evident that when = 6, ¢ is alfo = 0, and that 


while 9 or increafes from 0 to = will alfo increafe from 


to = 


Ir we take the fluxions of this fecond aSinsibe equation, and 
reafon in all refpects as in Article $3 we th cs arrive at a ‘fimilar 


conclufion, that 3 is, porting Pp’ for =) and N’ for 


fin * 40” | 
Ji 


v 
3 | 
. . 
° 
r= 
; 
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N+ 


means of thefe. two and the two fimilar 
equations found 1 in agi Article,’ we exterminate P’ and N’, we 


get 


Let us now affume two feries of equations, fach, that all 
“a terms of each feries may be fimilar to one another, and to 


the equations we affumed, Gr 3: and 4) 


c= I+ 1—¢/ => fin = == 


bc, 

each being fappofed to- proceed, to the fame 
law, as far as. we pleafe; then, by due confideration of the 
quantities fio 89", fin 169"", &c. it appears that when ¢” = o, all 

remaining arches 9”, 9", are alfo'each = 0, and. while 


Pincrenfes from. , the retaining arches alfo’ increafe 


frotia to =; ; fo that, upon the whole, while @, the firft arch, 


-Aincreafes pt o.to a quadrant, each of the remaining arches 
Sec. will alfo inereafe from © to a quadrant. 
6 us next for  Hluents as before 


then, flowing the fame as in Articles 3: and we: 
have” 


| 
| 
| | | 
| 
| 
| 
N 
| 
| 
| | 
| 
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N” = Nv + 169", 
&e. 


and thus we eed as far as we ‘Te 
tions be now combined with the. equations. fimilar to them — 
which we have already, found (Art. 3, and 4.), and. the quan- 
tities N’, N’, N”, P", &e. be. gtadually exterminated, in 
the fame way as in Wining the equations of Art 4. we get the 


definitely, it is evident that the former will, be expreffed by 
the product of an infinite. number of invariable factors, and 
by the limit to which the feries of fluents P’, P4, P”, &c. con-— 
ftantly tends ; and the latter by. another infinite produét, and 
‘two infinite feries, which i involve alfo P, and the limits to which 


the 


| | 
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Now in order, to.inveftigate, thefe limits, I obferve, in 
firft place, that the quantities which conftitute the feries ¢,¢’,¢’,e”,. 
&e. very faft towards for, fince 


than 1,” that than the feyuare of that 
fraction “indeed; e ‘befmall, will nearly = = In the 


fame manner it appears that is between the, limits of and. 


, fo that is lefs than e+; but greater than and proceeding 


in manner, we find lefs than than and fo 
‘Tus it appears, even without taking into account the 
minators, of the powers. of ¢, that the rapidity with which the 


tute thie feries of archés'’ converge very faft 


to a certain ‘limit.:, For fince we: 


| 


itis been in the laft ‘Article, ‘that the 
denominators of the fractions, which ate ‘equal fin’ 29',fin 49", 
fin 89", &c. converge quickly towards: unity, fo that’the ratios 


of fin'29 to fin'ag’, of fin 4¢’ to fin 49’, of fin 89" to fin 89", 


| 
| 
| 
| 
| —— nna? | 
| fin 49 bo 
fin 49° = | 
| 
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approach very faft to the ratio of equality, whieh Ra their. Timit;, 
and the fame will alfo be true of the ratios ‘which every two 


adjoining arches of the feria have’ to 
other. | 


approach, by 6, and it will prefently appear, that fathe 


arch 03 is alfo. the limit of the feries of fluents Sr 


Be or of P, P, Be. fo cas 

Why the fame way it that the of fluents 


N,N’, &c. continually approaches: to 6 fin n 
notes a number indefinitely but in ‘cafe fin anf 
; =fi(; = cof and) i 1S equal . to> ,afinite quantity; now if we re- | 


markthat this quantity, which enters the valueof N,( Art.6.)ismul. 
tiplied bythe twoinfinite products and ite, ate Ite? 


2 


&c. both of which are evidently equal to 0, ng appear that 


2 2 


rejected. : 
10, FINALLY, with regard to’ the quantity N itfelf or 


= it is evidently equal to = =} 


now if we put.1= AC, the femi-tranfverfe, axis of an. ellipfe, 

-excentricity, and HK, any arch of the. circum- 
{cribing circle, intercepted between the conjugate: axis, and 
FG an ordinate to, the tranfverfe axis, , is. known 
| that 


| 
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the flexion of the arch 


chit upon the whole we find. 


2.2.2.2 


| 


and from this equation the manner of exprefling z, by means of 
the infinite’ product P, and two infinite feries, is obvious, 
11. I SHALL now collect into one point of view the refult of 
the preceding analyfis, i in the form of a practical rule for finding 
length of any arch ef an 
 Lerr= AC the femi-tranf- 
verfe axis, ; 
¢ = the excentricitys) 
any arch ofthe 
from. the extremi-.{/- 
$5 a HK, an arch of the circumféribing circle, intercepted 
between the conjtigate axis and FG, an ordinate to: 
the tranfverfe. 
the ‘quantities &e. ‘fin 29, fina in 89" 
from thefe two ferice of ‘equations, 


: 
| 
that — ¢ fin | 
FD; let us denote ; 
| 
| 
| fin 4o” =. | 
Gate) 
&c.. &c. 
Nnz2 “THE. 
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e', el"; approach. very fat to 9, ‘abd 
arches 9”, 9”, &c. approach toa certain, n, limit, which | ‘let. us 
denote by 4. | | 

Compute alfo thefe three quantities, 
el” 


WHEN becomes a quadrant, the fir ines. of 2¢, °g Be. 
are evidently ve 0, fo that, putting eh ge 


$9 Sec, we have 


‘in this cafe, and, putting E. “to d denote, the | 


quadrant, we have 


“Now it is worthy of remark, that the ‘expreflion Q) 

igcommon to the indefinite arch z atid’ the whole quadrant E ; 

hence it follows that the indefinite’ arch may be alfo expreffed 

‘thus, 
| 
“12. . laft formula we may. desive. psi thofe cu- 
rious relations which are known to fubfift between cértain af- 
fignable . elliptic. arches, as .alfo. Between thefe,, arches .and-the 
whole elliptic quadrant * _ For, example, we.may hence deduce 
that very remarkable property ‘of the ellipfe, ‘which is common- | 
ly known by the.name of Faénan1’s theorem, namely, 
elliptic arch, reckoned from the extremity of: either, axis being 
fuppofed given; another: arch; ‘reckoned from: the extremity of 


¥ it 


* Tue properties of the ellipfe here have 
and fome of them have alfo been obferved LANDEN. 


| 
ER, 
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fach; that the difference of thefe arches fhallbe to a cers 


58 


&c. a feries of Gila € to the feries. 
(Art. 11. orfuch that’ 


2(¢) = G+) *@) 
‘fin 
" fin 8(¢ 
&e: 


and put 0 to denote the limit. of the arches (¢), (¢), (or) Bec. 
alfo, 


it follows, that (z) = =— E +2(R).. | 
Now if we fappote the arches and (9) t to that 

+ (¢') then it follows that 29 = = fin and fin 49’ 

= finale » and fince 


fin 49” 


= 
we have fin = — fin 4{’). when = 0, then: 


but when.¢’ =o, it (Art. 5.) that and 
alfo, that when then ‘therefore, when 49’ = 0, 


2 


Again, while increafes from'o to (¢') will de+ 


oreafe from. henees and from the two equations, it 
: 


| 

extremity of the tranfverfe, and (¢) = KM, the correfponding | 
| 

| 

| 

| 

| 
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that: in the fame Greumftanees will from 
to and will from. 2% and becaufe that 


while increafes from * (¢) diminifhes from to it 


will alfo follow, that while increafes from. to. | 
will decreafe.from to 0; and fince during thefe changes of the 
value of the arches 4(¢” ), we have always fin — fing )s, 


it is evident that 4g ‘+ = = 22, or + = 


V 49” 


“AGAIN, from the two equations fin 89" = GH) 


fin 8(9”) = 7 and from the confideration 


that + (9’) = we find fin go" =. —fin ; and hence, 
by reafoning as before, we alfo find +(e")= (that, 


on the whole, we. obtain the two follawing, sand of equations: z 


it 


4 


Now| we have the elliptical arch DY, or eR; 
alfo the arch DN, or {z) =! OE e(R)s: 


Hence DN-+ DE = 2+ (2) Ete fR+4(R) 


but, from. two. preceding: feries of . it’ i¢-evident 


that — and. (R)} 29's therefore 


DN+DE= Gna and AN DF 


| 
| | 
| 

~ 
THUS 
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Tus. we have’ two elliptic arches, reckoned from the extre- 
mities of the axes, the difference of which to a certain 
affignable ftraight line. 
13. Havine. found this vera, s curious 
elliptic arches AN. and FD, let us next inyeftigate the relation be- 


Ler AM the of the between 
the extremity of the tranfverfe axis, and the ordinate LNM, then | 
cof} = fin(»), and fin2y = fin 2(9); and fince fin 2¢’ =fin 2(¢), 


fin 29 fin 2(9) 
alfo fin 2¢ = -,and fin’2(¢') = 
it follows, that to > ‘the. and +, we 
have 


Let AB be the diameter of a 


circle, of which AC the radius _ 
=1; let thearchAD=29,and 

BF (taken in the oppafite femi- 
circle) = take CP=¢’, join 
PD, PF, CD, CF, and draw _ 
DE and FG perpendicular tothe _ 
diameter; then DE= fin 2¢,and 
EC = cof 2¢; alfo FG = fin 24, 
and GC = cof ae: 


‘ 
wt i 


of geometry w wehave 
t= 1 + +:2¢ cof 203 
= FC? + CP! — 2PC. CG, 
| 2 
= 1 +e — 2¢' cof 2. 


| 

| 

| 
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fin 29 DE HES 


it appears that 55 = fo that the. triangles PED, PGE, 


are fimilar ; and, as it is from what’ has been: already 
fhewn, that the arches: AD, BF, are ‘either both ‘lefe ‘or’ ‘both 
greater than quadrants, ‘it follows’ ‘that PD PF lie im’the 
fame ftraight line. Join AD and BD, and draw BH parallel to 
DF, meeting AD in H, then AP: PB;:AD: :DH: ::tan ABD: tan | 
| DBH or tan that j is, I I—é::tane: ‘tan there- 


fore, tan} = tan But if we. denote the femi-conjugate 


axis of the by. c, wt have = 11, 3 and there- 


fore c= fo that we at laft derive from ‘our formula, the 


following very temarkable theorem, firft obferved Count 
FAGNANI. 

Let AD bea of an of femictrant: 
verfe axis — 1*, and AK a quadrant. of the circumfcribing. cir- 
cle; let =the ‘femi-con; ugate axis, and the excentricity ; 
let / = AM, an arch of the circle, reckaned ‘from the extremi- 
ty of the tranfverfe, and 9 = HK, an arch of the. circle, reckon- 
ed from its interfeétion’ with the conjugate aXi§ 5 ; draw ML and 
‘HG perpendicular to the tranfverfe axis, Meeting the ellipfein 
Nand F; then, if the arches) and ¢ be fuch, that t tan += = ¢ 
the difference of the elliptic arches AN, ED,” 5. sonal to 


e* fin cof @ 
14. It would not : be“difficult to thew, that by means of our 
formula, other theorems fimilar to that of Facnant. ‘might. be 
inveftigated ; but as thefe, I believe, have. been pointed out by 
other writers, and as this paper has extended to a greater length 
than was at ars, intended, I Pe them Over for the prefent, and 


* See Fig. page 279 


G 
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"proceed. the? next! place to remark, that akhough general 
the quantity R be expreffed by an infinite feries, yet there are 
certain ‘values of the arch'¢, fuch, that the feries will terminate ; 


and: when this happens, the limiting arch 4 can be found exact-- 


ly; fo that in each of thefe cafes, we obtain a finite equation ex- 


prefling a’telation between the’ whole a 


arch of it. 
we’ have already (are nee increa- 


fes from o ‘to a quadrant, or each of the arches ¢', 9, 


&e, increafes from 0 to a quadrant fo that when 9 =§, then 


“fin 29’, fin 49”, fin 89", 8c. are each = 0, and 6="; now in the 
very fame way it appears, that while 29 ihereates from 0 to 


=: , each. of the arches -29/, 29”, &c. increafes from © to =; fo 
pes: in this cafe, fin2¢ =1, and fin 49’, fin 89", and a that 
follow are each = hence alfo the limiting arch 3 and 


oye 


to determine the valas of we have this equation 


20 


= fin. 2¢ = 135 from. which we find cof 29 = mS 
15. REASONING, inthis way, we find feries R will 
al jof a finite number of terms, and the limit 4 be exadtly 


aflignable in innumerable other cafes; namely, when gp one of 


the following feries of equations takes place: 99> 


A: AND. » fineey: by of the Serves of equations piven. in 
11, we.can determine 9; fo that‘ each‘ of the above equa- 
Vor. V.—P. IL. tions: 


} 
~ i 
| 
j 
j 
‘| 
| 
P 
| 


ede, are each = 2, we have x= 
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tions thal) fucceffively have place, it appears, that we can affign 
an indefinite number of elliptic arches, reckoned from the ex- 
tremity of the conjugate fuch,' that their relation to the 
whole’ elliptic quadrant; shall ‘be! expreflible. by. a’ finite .eqna- 


tion: But we have feen (Art. 13+) that, correfponding to each 


-of thefe arches, there is aniother,, reckoned from the extremity: of 


the tranfverfe axis, fuch, that their difference may be exprefled by | 


-acertain ftraight line ; therefore, it appears that we canaflign in- 
numerable arches, reckoned from the extremity of either axis, 


poffefling each the remarkable’ property of having their rela- 


‘tion to the whole — a 


braic equation 
16, For examples let cof 19 = = park 


then, fince fin = 1, and fin fin 89", 


we have alfo therefore -E4 hence we derive 
the following curious propofition: 


Let the femi-axes of an ellipfe ‘be z and ¢; take a 


Mtraight - line in ‘the tranfverfe axis, from the ‘centre to- 
wards either vertex, = — , and | at the extremity of that line, 


ite 
between the centre, and peter, draw 3 an ordinate to the tranf- 


* Hence, by the way, it appears, that inftead of the femi-perimeters of two ellipfes 
which we have ufed in the preceding paper, for expreffing the coefficients of the 
development of (a* + 5? —2abcof 9)”, we may fubftitute any two of an indefi- 
nite number of elliptic arches, and certain algebraic fun¢tions of the axes of thefe, 
ellipfes ; therefore, the different infinite feries, which. ~ be won to — the 
A and B, are 
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vert axis, meeting the curve, and dividing. the elliptic quadrant 
into two parts, the greateft | of which is that next to the vertex 


of the conjugate ‘axis ; then, if E denote the whole elliptic qua- 


ie - 


drant, the greateft elliptic arch thall be equal | and the 


| alfo the difference of the = 


— difference of the femi-axes ; and the farne @iiclation 3 is rea- 
dily ‘drawn front’ theoreni _ in 1 13- — 


17. AN OTHER have to upon our 


la 19, that. we,raay hence deduce that relation between indefinite . 


arches of three certain ellipfes, rwhich is mentioned. at’ Article 
of the preceding’ paper, and which. was firft, ebferved by 


Mr LEGENDRE; but as the only ufe we have made of that pro- | 


perty was in the cafe of thofe arches being quadrants, or femi- 


perimeters, I fhall, for the ake of treat of thar, pat 
ticular cafe. + 


to each other as exprefied. in Art. 11. we, have fund, 


that if | 
P= +2), &e, and Q= a 


2.2.2 


and E denote the quadrant of an. ellipfe, a, which the excentri- 
“city. is, then E=ZP(1—eQ.). 


In like manner, if E denote the of another 
of which the.excentricity is ¢, and we put: 


for the fame feafon 


} 

| 
i 

| 
} 
- 
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_ Bur by comparing together the values of P and P,, ‘alfo of 

Q and Q’, i it appears, that P= = (1 +¢)P, and +Q); 
fo that, by fubftituting thefe values of P and Qe the formula 
P(t —Q), and remembering that ¢ = we alfo 


| get and if by means of this 


equation, and. the equation, E = (1 QWs -extermi- 
nate Q’, it will be found that 7 
=P... 


LET us now put E’ to denote the. of a third 
of which the excentricity is ¢’; then, if we alfo affume — 


(2.2.2 


and confider that the fecond and third dlink s are related to 
each other exactly i in the fame. manner as the ang 
we get an equation fimilar to the laft, namely, Aino tel 


| now fince P’= “we can ‘Teadily, byt means of two 


equations, exterminate P’ ; accordingly we find 
-'Tuus we have got an equation exprefling a very remarkable 
connection between three elliptic quadrants, the excentricitiés 
being ¢, , and ¢’. But this equation: may be rendered more 
fimple in its form ; for if we the femi-conjugate’ axis 


of the fecond ellipfe, we have ¢’ ie, (Art, 11.)-and therefore, 


hence alfo we have 2(1 —e*) > (1—e’) c(1 +’), fo that by 
fubftituting for (1 and 2(1—e’) their values, 
and 


| 
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| snd dividing sai whole equation by (1 —¢’), we at laft get . 

the vrs equation which we propofed'to inveftigate. 
18. Tue Jaft reniark I fhall make at prefent, upon the formu. 
la given in this appendix for the rectification ofthe ellipfe, re- 
lates to the quicknefs of its convergency; and this, it appears, 
willin every cafe: be very great. For we. have -feen (Art. 7.) 
that ¢’ is lefs than the fquare of the excentricity, ¢’ lefs than its 
fourth power, ¢” lefs than its eighth power, and fo on, proceed- 
ing according to the geometrical progreflion 2, 4, 8, 16, 32, &c. ; 
therefore, if only the three quantities ¢’, ¢’,.¢", be, computed, ifo- 

| gether with the correfponding arches ¢, and. fubftituted 
the formula z = 6P(1 )+ eR, rejedting all the factors 
of P, and all the terms of the feries Q and R, which involve the — 
quantity ¢'%, &c. the part of the formula. thus rejected. will be 
multiplied 4 the 32d power of the excentricity ; but if the . 
terms involving ¢” be taken in, the terms rejected will be mul- 
tiplied by the 64th power, and fo on; thus it appears, that the 
method here given for the’ Ratincisd of the ellipfe is appli- 
cable to-every cafe of excentricity, and to every length of an 
arch that can poflibly occur in calculation. Now thefe are ad- 
--yatitages which no other individual feries, with which TF am ac- 
quainted, poffeffes ; for the common feries, which converges by 
the powers of the excentricity, is of no ufe when the excentrici- 
ty is great, and it is then neceflary to have recourfe to_a feries 
converging by the powers of the leffer axis. But the feries of 
this form; which is commonly known, eonverges only cer- 
tain portion « of the elliptic arch, and. beyond that portion it di- 
verges fo,that 3 if it be required to ‘rectify. an elliptic arch be- 
yond a certain limit, it ‘is neceflary to find the length of ‘the 
whole quadrant, and thence, by the aid of FaGNAN1’s theorem, 
to find the length of the arch which was propofed. | 


19. 1 SHALL 


| 
| 
| 
| 
| 
| 
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1g. ESHALE conclude chic appendix with anexample of the ap- 
plication of our formula; and in thé determination of the loga- 
rithms of ¢’, e’, &c. 1-+¢', 1-4’, &c. by tneans of the trigonome- 
trical eabilin, I fhall avail myfelf of the remarks which have been 
_ made for that purpofe at Art. 15. of the preceding paper. -As 
- to the quantities fin 29’, fin 49’, 8c. it is eafy to fee, from their 
relation to each other, that their logarithms: may: OF oe de- 
termined by means of the fame tables. : | 


EXAMPLE. It is to determine the length an 1 


liptic arch, when e, the excentricity, = «7071061 8, and 


the arch of the circumfcribing cigcle = 70°, , the femi-tranfverfe | 
being fuppofed = I. | 


of che logarithms of I 


: Logarithms. 

fin a = fin 45°, 0 
= tan = fina’ 9 525 4s" +41. T.2344.486 | 
ent = fad °° 125 sh: | 873.2008 


‘BECAUSE ¢’Y is nearly equal to one-fourth of the fquare of 
(Art. 7.) is evident that ¢’’, 1 may be all ne- 


lected. 


| 
| 
| 

| 

| 

| 

| 

| 

: 


ALGEBRAIC FORMULA. 


| fin 2g = = fin 132°, 45',49° 1.8657908 
é fin 2¢' = fin B’ 1,1002394 
VI fin *29"= cof 1.9965270 
ef fin Be 3-8722172 
Yi—e" fines” 1.9999879 


fin 89” = fin 531°, 54-30% 161484768 


| 
= 
| 
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the. next. term) fin. 169'",, being multiplied by e'’,.a very finall 
fraction, is on that account to be neglected, as well as all the 
-terms-which follow it, for fimilar reafons. 


‘To determine 6, we have ¢ = 66°. 22’. 54’. 
66°. 29+ 184.75 
9” = 66°. 29. 18”. 75. 
— 
Hence it appears that = 66°. 29. 18%.7 5= = t. 1604440. 


3. COMPUTATION of —¢Q ). 
= +2500000 3979400 


AS .2715267. 

1 —Q= 1.86241 37 

00687694 


= 9978042 79990453 


Comer na tao 


| | 
| 
| 
| 
| 


ALGEBRAIC FORMULA. 

4e Ooivrenetred of eR, and thence of % the arch required. 
Logarithms. 
| fin 2¢ = 1075153 1.0314702 
2) ~fin 89” = + .co00017 6.22 10236. 


eR= .1012043 
P(1 —Q )= .9978042 
‘The ee arch 2 = i 5 


Ir appears from the preceding calculation, that the length of 
the elliptic arc would in this cafe have been found with nearly 
the fame degree of accuracy, if-inftead of computing the three 
quantities ¢, ¢’, ¢”, alfo fin 2¢’, fin 49", and fin 89”, we had on- 
ly computed two of each feries, viz. ¢’ and ¢’ of the one, and 
fin 2¢', fin 49’, of the other feries; or, fuppofing all the three 
quantities of each feries to have been computed to a fufficient 
number of places of figures, it is evident that we might thence 
have found the length of the arch to feveral more places of fi~ 
gures than we have here made ufe of. | 


| 

| 

| | 

| 

| 


g 


| 
| 
| 
| 
| 
| 
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XII. CHEmrcaL ANALysis of an Uncommon Srecizs of 
By RoperT KENNED?r, M.D., F.R.S., F.A.S., and. 


Fan. 11. 1802.] 


HE fabj ected to the following experiments, poffeffes: 

- fome of the diftinguifhing properties common to other 

ftones of the fame clafs, but differs in certain refpeéts from any 

variety with which I am acquainted. I found it, more than 

three years ago, in the bafaltic rock on which the Caftle of Edin-- 
burgh i is built; and it was inclofed within a mafs of prehnite. 

Tue colour of this zeolite is in fome parts nearly white, in: 

others greyith white. It is compofed entirely of ftraight fibres, 
- arranged in bundles « or mafles of. different fizes, all the fibres oi 
each mafs coriverging towards a common point. The whole 
fpecimen 3 is an aggregate of thefe raaffes, the bafes of which are 
in contact with the prehnite, and are imprefled with the form. 
of its furface, which is rounded, or botryoidal. The crofs frac- 
ture prefents the irregular and ragged ends of the broken fi- 
bres, termed the backly fraGture by Mr Kirwan. 

AtTHouGH the fhape and arrangement of the fibres appear: 
plainly to be the effects of cryftallization, yet 1 have not been: 
able to trace a perfectly regular, determinate form in any of them. 
However, when the ftone is broken, fome of them can be readily 
feparated longitudinally, i in a pretty entire ftate, and feem in moft: 

Pp2. inftances: 


| 
| | 
| 
| 
| 
| 
| 
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inftances to be four-fided and rectangular. Their length is from 
half an inch to two inches; but their thicknefs ‘does not.exceed — 
one-tortieth oO or one BEG eth part of an inch. - None of thefe fi- 
bres can be broken acrofs, fo as to prefent an even furface ; for 
they break irregularly,.and° become divided-at the point. of frac- 
into very minute a fomewhat 

Tue. {mall fpicul or fibres are colourless 
with a confiderable degree of luftre ; but the unbroken part of 
the {tone poffeffes lefs 1uftre than the feparate {piculx, and much 
lefs tranfparency, from a want of - bear mtr and from the 
effet of many minute cracks. 
“Irs hardnefs is not eafily determined, on account Brittlengs ; 
but when a piece of it is rubbed againft glafs, though the irs, 
crumble down very quickly, yet the glafs 18 flightly {cratched at 
the fame time. Small fragments of j it can be broken with the fin- 
gers, or cfufhed by preffure, into very flender fpiculz, which 
are fharp, and apt to penetrate the hands when touched. Al- 
though the cohefion of its component. parts. be fo weak, yet it 
bends, and ‘yields ‘in fome meafure before i it breaks, and i is not 
eafily ground to powder 3 ina mortar.» 

‘I rounp the fpecific gravity < of different pieces ‘of the fpeci- 
men, taken in diftilled water at the ‘temperature of 60°, to vary 

ftone has the property ‘of appearing in a dark 
place, both by fri€ion and by heat. A very flight degree of 
friGiion produces this effect; for a perfon can eafily diftinguith 
a phofphoric light, even if he draws his finger acrofs it. When 
{truck with a hammer in fuch a manner that fmall fragments 
ar. driven off, they appear luminous in pafling through the air, — 
and continue to fhine for a moment after falling on the ground; 
and 


| 
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a hard..bedy-drawn over it leaves.a track: of. light; -which 


remains a fecond or two vifible. When a piece of the ftone is 
pounded quickly ina mortar, a ftrong light is emitted; but 
after being wholly reduced .to powder, it no longer fhines. 


Tue light which.it gives. 4s. equal: 


Su ALL fragments. of this. on. a piece of hot iron, 
mS of. clay,. alfo become Juminous, and fhine with nearly as 
much, brightnefs, as common blue fluor does, when heated in 
the fame manner. By being made red-hot, however, it is de- 
prived of the. property of giving light afterwards . by heat, 
though it ftill appears. faintly luminous by friction. ‘In all 


thefe experiments it is a reddifh white light which it emits, ac- 


companied.at times with reddifh momentary kind of flathes, _ 

Ir can be melted, without difficulty. into glafs.. When a {mall 
piece of it is heated gradually with the blowpipe, it firft be- 
comes. white and opaque ; a number: of. fiffures are then form- 
ed, by which its bulk appears , fomewhat ‘increafed ;, and. after 
the flame is made fufficiently intenfe, it melts into a globule 


of colourlefs glafs, the tranfparency, of which i is imperfeét on ac- 


count of many minute air-bubbles. . Although thus fufible by 


ftrong heat, yet a very low. degree of ignition fcarcely affects it. 


A piece of the:ftone, after having been put into a crucible, and 
expofed for a fhort time to a fire which made it juft vifibly red- 
hot, was not altered in appearance, and. had not loft more than 
gb part of its. weight. Ina temperature, however, about 20° 

of. Wep GwooD, I found that a fragment of this zeolite became 
opake, and more eafy | to pulverize than in its natural ftate; at 


go° it did not melt, but was glazed on the furface, adhered to 


the crucible, and had begun to fink down; and at 120° melt- 
ed into an. gals of a Highs yellow colour, 
deficient 


| 
| 

| 

: 
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deficient in tranfparency, acted on the cru- 
cible. 

In temperatures fafficiently high, it lofes Scie: 4+ to § per 
cent. of its weight ; but to produce this effeét, the heat muft be 
équal at leaft to 20° or 25° of WEDGwoop. Part of the volatile 
matter thus driven off is carbonic acid; for the zeolite, when 
‘reduced to powder, and mixed with acids, produces a flight ef- — 
fervefcence. I found, -by three different experiments, that the 
lofs of weight after the effervefcence was about 3 per cent. ; con- 
fequently, the remaining 2, or parts, mer be to 
confift of moifture. 

‘Tuts fubftance produces a jelly, as moft sther zeolites dis 
with the ftronger acids. When ground to powder, and mixed 
with the fulphuric, nitric, or muriatic acid, the mixture becomes 
a firm jelly ina few minutes, provided the acids are not much 
diluted, or ufed in too great quantity. That which fs formed 
by the action of the nitric or the muriatic acid, is nearly tranf-, 
parent; but the ftone contains fo much lime, .as will prefently 
be fhown, that with the fulphuric, the jelly is white and opake, 
on account of the fulphat of lime which is generated. -  - 

Tue prehnite in which it was inclofed, as already mentioned, 
is of a light green colour, with fome luftre, and a confiderable 
degree of tranfparency. It gives fire with fteel, can be readily 
melted with the blowpipe, and froaths up much before fufion. 


Havine made thefe alata experiments refpedting the 
general properties of the zeolite, I fubjected a portion of it in 
the next place to analyfis, to afcertain of what earths it was com- 
pofed, and found that it confifted almoft wholly of filex and 
lime, with a certain proportion of foda. The following were 
the methods by which it was analyzed. 

1. ONE hundred grains, reduced to fine powder in-a mortar 
of flint, were mixed with 500 grains of muriatic acid, and 1000 

grains 


: 
| 
| 
| 
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grains ‘of diftilled: water. ‘The powder was bisaitiete attack- 
ed by the acid ; fome heat, and momentary effervefcence were 


produced, sod in a few minutes the filex appeared floating 
in a loofe, and very divided fate. The mixture being heated 
on a fand-bath, became in a fhort time a thin tranfparent jelly. 
I expofed this jelly to a gentle heat (lefs than 200° of FAHREN- 
HEIT), till it became nearly dry. Water was then poured on it, 


and the mixture, after being digefted for fome time, was filter- 


ed. The undiffolved part colleéted on the filter, when fuffi- 
ciently wafhed, was Greg and heated red-hot for a quarter of 


—anhour. It weighed 51% grains, was perfectly white, and pro- 


ved on examination to be pure filex, unmixed with “9 other 
earth. 


fited a fmall quantity of a brownifh white precipitate. Having 


collected this precipitate on a filter, and wathed it,.I expofed it 


for afew minutes to a red heat. It then weighed one grain, 


and had become brown, and was found to confift of half a 


grain of oxyd of iron, and half a grain of:argil. 

3. In the next place I.added a few:drops of fulphuric acid to 
the folution, to difcover if it contained any barytes or ftron- 
tian. The acid produced no precipitate. The folution was 
then evaporated to a fmall quantity, and boiled with carbonate 
of ammonia. Some carbonate of lime was thrown down, 
which, after being wafhed and expofed for a few minutes to a 
very low red heat, weighed 57 grains. To drive off the carbo- 
nic acid, and afcertain the real quantity of lime which this pre- 
cipitate contained, T put it into a fmall crucible of Cornifh clay, 


which -was- inclofed within a Heffian crucible, and heated it for | 


three hours: The fire was raifed flowly at. firft, but was after- 
inereafed to 80° of Wrepcwoop. The lime adhered 


lightly 


colourlefs, after being {aturated with cautftic ammonia, depo-. 


| 


} 

i 
| 
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fightly, and weighed: 314 grains. .. By treating! it with falphuric 


acid, | detected fome flight: traces of reft being 


wholly converted into fulphate. ofilimessi 

4. Tue different earths having been shins the 
folution, it vras evaporated to drynefs, for the purpofe of. ob- 
taining the foda, which I had learned by previous experiments 
would be wholly taken up with the other foluble parts of the zeo- 
lite, when decompofed by acids. ‘After the | evaporation, a white | 
falt remained, which was heated gradually in a crucible to volati-. 
lize the muriate of ammonia, formed in the courfe of the:ana- 
lyfis. When white vapours:ceafed to rife, the heat was increa- 
fed to rednefs, and a falt was left which weighed 17 grains. 
On re-diffolving it in a fmall quantity of water, and boiling the 
folution with carbonate of ammonia, a minute portion of carbo- 
nate of lime was precipitated, which weighed one grain; equal to 
about half a grain of pure -lime.: I obtained the falt by a fe- 
cond evaporation jpgnd after it had been expofed again to a ve- 
ry low red heat, it 16 and conte wholly of 
muriate of foda. 

AccorDING to Mr $ 16 parts 


plate of foda in cryftals, contain 8.5 parts of foda;:but the 16 


parts above mentioned, by having been dried in a red heat, and 
confequently freed from water of cryftallization, would con- 


-tain fomewhat more than.8.5 parts: of foda. However, the pro- 
_ portion of foda in 100 parts. of the zeolite, may be ftated at 8.5 


parts, which, though probably rather lets than. the real quan- 
tity, muft be very 


the zeolite a fecond time; and made ufe of nitric. acid, for the 
purpofe of afcertaining mbeshes any muriatic acid entered into 
its compofition. PY the teft of nitrate of filver, I found that 

fome 


a 
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-fome traces of the muriatic acid could be diftinguitfhed, al- 
though the quantity was very {mall. With regard to the pro- 
portion of the earths, the refults of the fecond merits corre- 


-TAtso expofed nine of the zeolite to the action of the fil 
_ phuric acid, in the following manner, with the view of obtain- 
ing the foda only, the earths being difregarded. One hundred 
grains *, reduced to fine powder in the flint mortar, were mixed 
with 250 grains of fulphuric acid, diluted with twice its weight 
of water. Some heat and very flight effervefcence were produced, 
and the mixture foon became thick and gelatinous. It was 
then evaporated flowly to drynefs ina fand-bath, in a cup of 
Chinefe porcelain ; and the dry inafs was pulverized and boiled 
for half an hour with water, and filtered. Having wafhed the 
undiffolved refiduum fufficiently, I boiled the filtered folution 
with carbonate of ammonia, which precipitated fome earthy 
matter. . After this had been feparated by filtration, the folu- 
tion was evaporated to drynefs by a-gentle heat; and the faline 
mafs left was put into a crucible, and heated fone to rednefs. 
A white falt remained in the crucible, which weighed 19 grains. 
To free this falt from any remains of earthy falts which might 
‘be mixed with it, I diffolved it in a fmall quantity of water, 
added fome carbonate of ammonia, and boiled the mixture for 
a few minutes, by which means a flight earthy precipitate was 
thrown down. This being feparated as before, the falt was 
again collected by evaporation, and heated to rednefs. . It now 
V.—P. Il. weighed 


*I Mave ufe of {mall quantities only of the: zeolite in all thefe experiments ; 
becaufe, as the fpecimen appears to be. the only one of the kind which has beer 
found, I wifhed to preferve as much of it entire as poflible. 


i 
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weighed 173 grains, and was found on examination to be pure 
fulphate of foda *. | 

By Mr Kiawan’s eftimation, ous parts of dry fulphate of 
foda contain nearly 8 parts of alkali; confequently, from 100 
parts of the zeolite there have been obtdiited by the procefs laft 
defcribed, 8 parts of foda. . This refult correfponds with the 
former, in which the alkali was colle¢ted in the ftate of muriate 
of foda, as nearly as can be expected in fuch experiments ; and 
it muft be remembered, that the proportions of the component 
~ of neutral falts are not afcertained with pretifion. 


‘AccorpINc to the different experiments now detailed, 100 
parts of this zeolite contain, = 


Lime (No. 3. and 4.) = 32 
Oxyd of iron (No. 2.) 
Carbonic acid and other volatile matter, he 
98, 


with fome traces of magnefia and muriatic acid. 
THE 


* TuE experiments which fhewed that foda was the alkaline bafis of this falt, 
have not been ftated here ; becaufe I formerly gave a defcription of the methods 
ufed in examining the fame falt, in the paper on Whinftone and Lava, publithed 
in Part I. of this volume, (p. 85.). To avoid unneceflary repetition, I beg leave 
to refer to that paper, both with regard to the manner in which I endeavoured to — 
determine the purity of the faline matter, and alfo that of the filex, and fome 
other earths, | 


| 
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~ 


THE {tone which has now been defcribed refembles fome of 
the varieties of Tremolite mentioned by Saussure *, in the pro- 
-perty of giving a phofphoric light by friction. Its fpecific gra- 
_-yity alfo is fomewhat greater than that .of the ordinary kinds 
of zeolite, as {tated by mineralogifts. Excepting in thefe par- 
ticulars, however, it has the principal characters of a zeolite; 
for example, in its internal compofition, in having been found 
in a whin rock adhering to prehnite, and in producing a jelly 
with acids. ‘Tremolites have a higher fpecific gravity than this 
{tone, are more infufible, and are confiderably different in their 
compofition +. Befides, fuch kinds of tremolite as I have exa- 
mined cannot be decompofed by acids, even when boiling, and 
muft be heated with potafh or foda before their component 
parts can be feparated; but the fubftance in queftion is com- 
_ pletely decompofed by acids, like the greater number of zeo- 
lites, in a very few minutes, and without the affiftance of heat.. 
For thefe reafons it appears to me to be a zeolite. 


* Voyages dans les Alpes, 1923. 


+ Kinwan’s Mineralogy, I. Traité de Mineralogie par Havy,, 
tom. 3.p.35Land 227, 


END OF PARTY SECOND.. 
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‘TRANSACTIONS 
THE 
ROYAL OF EDINBURGH. 


[Being the Continuation of Part I. together with 
Part Il. of the 5th Volume.] 
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DIRECTIONS TO THE BOOKBINDER. 


THE binder will that this, Number 
commences with fignature R r, Part II. p. 303, and that after fig- 
nature 3F, which finifhes Part II. follows PartIIl. Hiffory of 
the Society, with a new feries of fignatures. and folios, from A 

THE general title-page, and contents, to be ftitched in at the 
end of the number, being afterwards to be placed at the begin- 
ning of the whole volume.. 


N binding up of the it will be 
obferved, that the laft leaf of the former number, (in firnature 
Q q, p- 303.), marked at the bottom end of Part Second, muft be — 
cancelled ; the fame leaf being reprinted in the beginning of fig- 
nature Rr. The general title page and contents will then be. 


prefixed to the whole volume. « 
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XII. DisquistT10ns on the OriciN and Rapic AL SENSE of the 


Greek Prerositions, By BONAR, ¥,R.S. Evin. 


[Read Dec. 19. 1803, Fan. 16. & Feb. 20. 1804.} 


\TymoLocicat refearches have often been branded as tri- 
‘fling, occupying the mind in ufelefs labour, and contriby- 
ting little to the progrefs of fcience, tafte, or beneficial know-. 


ledge. The juftice of this treatment may well be queftioned. 


That this f{pecies of ftudy, like many others, has frequently been. 
directed to unimportant objects, cannot be denied ; but it by no- 
means follows, that this is the fault of the fubject, or that from: 
fuch refearches, however purfued, nothing valuable can be the’ 
refult. If by etymological inveftigations, even in their moft li-. 
mited form, effential aids are obtained for facilitating our ac-. 
quaintance with the writings of antiquity,—if fuch inquiries: 
have often proved one of the moft. certain means for attaining 
accuracy of language and precifion of ideas,—if by following 
them out on an extenfive feale, afliftance might probably be: 
gained for elucidating fome of the obfeurities of early hiftory, 
—and if from this fource valuable materials may at all times be 
drawn for tracing the progrefs of the intelleétual powers, and 


unfolding the laws of thought through the phenomena of its ex- 


preffions,—if thefe, and perhaps other merits, muft be allowed to: 


etymological and grammatical difquifitions, they are furely fuf- 


Sica to refcue from contempt this clafs of inquiries, If. to all. 


R r2 | this 


; 


306 D ISQUIS ITIONS on the 


this we can add, what I believe will pretty generally be fond to 


hold true, that thofe who affeét moft to defpife this branch of 


Mtudy, have feldom.any thing better to fabftitute.inits. place, 


a fufficient vindication will, I hope, be afforded, for employ- 
ing a little literary leifure i in the culture even of this ——— 


THESE confidérstions may; I trift, sity plead my apology for 
taking up the attention of the Society at this time with fome ety- 


- mological hints and conjectures,— not, I own, directed towards 


the more extenfive tracts in which profounder fcholars often wifh 
to range, but confined within the narrow limits of a particular 
branch of a particular language,—a language, however, juftly 
admired for copioufnefs and elegance, and a ‘branch of it which — 


at different times has thought the a attention n of cri 


By the ingenious and elaborate refearches of recent etymolo- 
gifts, the ftructure of language has been made to affume a fim- 


pler drefs than what grammarians had once thought proper to 
inveft it with... The parts of fpeech, as they are technically term- 
ed, have been reduced from their numerous clafles to two; the 
connecting particles, ufually termed and fuppofed indeclinable, 


have been completely excluded from their feparate rank ; and by 


tracing. out the genealogical relations of words, all have been 


fairly fhown to belong t to one or other of the clafles ut Nouns or 


Verbs *. 
THE 
* Even this claffification of words be ftill either 


‘the noun or the verb thewn to be the root of all language. Etymologifts have dif- 
fered 


| 
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Tre germ of: this theory may be found in the early -Englith 
etymologifts Jostus and SkInNER;: but with themnit was car- 
ried’no farther. than’ the’ analyfis ‘of: ‘certain individual words, 
without being ‘advanced to any fpecies of complete and general 
fyftem, few of ‘the French grammarians feem to have;made 
fome ‘approaches to! the fame. fyftem ; -but;; it muft: be owsied; 
that it is to the Dutch etymologifts ScuuLTins; FenoK are, and 
above all, HemsTeRuuts, and the difciples of the Hemfterhufian 
{chool, LINNEP and ScHEIDE, that we owe-the firft 
complete developement of this*new and fubtle: theory of Jan- 
guage. ‘The labours of the Dutch etymologifts, however, fora 
long time-obtained but little notice’: even:the fyftem they had _ 
_thus‘ingenioufly conftructed, remained almoft unknown beyond 
the irnmediate limits of their own fchool.’ In France, ANCE DE 
VILLOIsIN appears to have had fome imperfect acquaintance 
with it. In this country, I do not know if it:had been heard of 
at all; till the fame theory was exhibited in a no lefs confpicuous. 
than amufing form, by the author of the Diverfions of Purley. 
When, in that lively work, the fyftem was laid down, and at 
the fame time fuccefsfully applied:to the analyfis of many ofthe 
Englith particles, our grammarians and etymologifts: at length 
began to queftion the old fyftem of grammatical arrangement in | 
the claffification of words. The new theory gradually gained 
ground, and now the truth of it feems to be almoft generally ad- 
mitted, though much ftill remains. to > be done i in the way of its 


feted i in of thes biti is to be 
to enter into that queftion at prefent, though I may afterwards take occafion to 
point out fome reafons which induce me te think, that tracing language to its firft 
elements, we thall Aiea find that it is from the Verb the whole has Gradnally 
branched out. 
* ‘THoucs I have i think, cannot be difputed, theo- 
ry of Horve Tooke, and that of the Dutch etymologifts, is effentially the fame, 
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- SaTisFiEp of the truth of this fyftem, and perfuaded, that by 
following it out as far as poffible, the beft foundatiog will. be 
laid for a juft inveftigation of the ftructure of language, it!oc- 
curred to me, that the general. principles thence afforded, might 
be applied. with advantage, as:a guide for analyfing at leaft one 
clafs of connective particles in a language which appears to offer 
peculiar facility in fuch a refearch, “Should thisbe found, to 
fucceed in one language, it muft facilitate fimilar inveftigations 
in others, and every fact eftablifhed in the progrefs of the inqui- 
ry, may be regarded as both ge 
ners fyftem. 

fuch an analyfis.. It is a language of regular ftructure ;.1ts roots 
- formed within itfelf, in which, confequently, the original fta- 
mina, with their fubfequent ramifications, may, by accurate in- 
veftigation, be fatisfaCtorily traced. '. The clafs of connectives in 
this language upon which this experimental inveftigation is pro- 
pofed at prefent to be made, is the Prepoftion, a clafs of words of © 
confiderable importance in the ftructure of every language, at the 
fame time fo clofely connected with nouns, that their mutual 
relations may be marked with i8 in 


I with not to be underftood a6 allerting the one was from. Othier. 
Similar ideas may have occurred to both without any communication. The Dutch 
etymologifts certainly claim the priority in point of time, but the praile of origi- 
nality cannet upon that account be denied to either. Dr Beppozs, in a long note. 
appended to his Ob/ervations on the Nature of Demonftrative Evidence, has taken — 
gteat pains to prove the originality of Hornz Tooks. This: poins meed not be 
difputed ; but if it was to be made a fubjeft of controverfy, it was furely nenece!- 
fary, in difcuffing it, to throw out, as.the Doftor has dese,.a number of cont 
tuous, and by no means well-founded darcafms, in. depretiation of the. lehours of 
the Dutch etymologifts, and difparagement of claffical literature in general,,;'-OQb- 
fervations of that nature are as little to to aa. — to de 
credit to the author, 
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I know,’has already been. done towards: facilitating 
fuch an inveftigation. ‘The fucceflive labours, firftof Dr Moor, 
after him of more recent grammarians, above all the elucidations 
of the learned and acute Profeffor of Greek in the Univerfity of 
this. City, have both opened the proper track of inquiry, 
and cleared away much of the rubbifh, with which the jejune 
atid trifling minutia, the diftinGtions without a difference, and re- _ 
petitions of exafiples without 2 connecting’ principle, introdu- 
ced by Steruens, Hoocevern and Vicerus, had blocked 
up the aveiiues to all fuch difquifitions. The profounder. re- 
featches of and have thrown much additional 
light upon many particulars before involved in obfcurity, and 
their etymological deductions, though in many inftances imper- 
fe&t, contain valuable materials for analyfing the real ftructure 
and ramifications of ‘the Greek language *.. The track being 
once matked out, and the path ina great meafure cleared, pro- 
grefs becomes comparatively eafy ‘little more is neceflary than 
to follow out the line where to 
{topped {hort too foon.: 

principle may be affumed as to 

{tem adopted ia. the Hemfterhufian. {chool. This.was followed by the Ezymolog:- 
Lingua Grace, the joint produétion of Linwer. and i in which the 
3 principles of this analogy are applied for analyfing all the pttmitives of the Greek 
tongue. ‘The merit of Both mutt be admitted’; both will be found worthy the at- 
tention of any. one who withes to itveftigate the fubjea& of Greek analogy, From 
the latter Work, in particular, have derived much afliftasice in the prefent difqui- 
fition, though it has frequently proved lefs fatisfattory than ‘might have been ex- 
petted, “The dnalyfis of the words is too general and indefinite : mapy of the 
pritnitive roots are’. explained as merely ‘dehotinig fiction’; an idea fo vague, that 


unlefs limited in fomne {pecific mode, it cvald afford aid ia our progrefs to 
| fyftematic ~~ of the principles of the language. 


| 

| 
| 
| 
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for’ the moft part taken from fenfible objeéts,—and. that 
from this radical fenfe all the fecondary applications may either 
immediately or‘circuitoufly be traced. In the inveftigation of 
this radical fenfe of each of the: prepofitions, it, will like- 
appear, thatvall of them ‘were ofiginally either,nouns or,par- 
ticiples, moft: of. them verbal adjectives, -at: firtt. ufually joined 
with fome common fubftantive. to complete the fenfe ; -which 
fubftantive, by ufe, came at length to be dropped, as unnecefla- 
ry to be expreffed,. being immediately implied, and underftood. 
From this it will likewife follow; that in the junction. of thefe 
words with other nouns, the; primitive rule of conftruction by 
which they were: joined in’ fentences, was! that which is termed 
the genitive or ablative of. fentences, | 
_ which ‘though ftigmatized, and perhaps; not unjuftly, by Lord 
Monsoppo, as lame and gaping,’ yet was probably of extenfive 
ufe in the early ftages of human {peech, when: bare co-exiftence 
of phenomena or events, (the precife idea denoted by this mode 
of conftruction), was more attended to than that mutual relation 
and dependence, the-gradual difcovery of which afterwards are 
rife to more compact and connected. forms of. expreflion, 
' PROCEEDING upon thefe principles, we may poflibly “ able 


to difcover the radical fenfe of each prepofition, as well as fome | 


of the leading circumftances by which, in time, many of ‘them 
came to be applied, to denote ideas apparently remote from their — 
original meaning. The minuter ramifications to which thefe 
fignifications afterwards branched ont, it would lead far beyond 
the bounds of.a fingle paper to. attempt inveftigating. 

In condudting fuch an analyfis; each prepofition muft be fepa- 
rately examined, —a minute and tedious procefs, perhaps, but 
the ‘only one by which the object can be fairly accomplithed. 
No particular arrangement at necellary for our 


| 
one’primary’ radical idea »was originally affixed,—that this idea 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
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I fhall be fatisfied to take Gam as es occur in the order of the 


_ THE near relation which this prepofition bears to the adjec- 
tive aupw, both, and the adverb aupis, on both fides, evidently 
points out an identity of origin as well as affinity of meaning. 
All three appear to be immediately derived from the obfolete 
verb to embrace or grafp*. From it is probable came 
the verbal adjeCtives and amis, fignifying gra/ped or. embra- 
ced. From many examples in the more ancient Greek writers, it 
appears to have been a frequent practice either to add to words the 
termination ¢y, or fimply to infert the letter 9 before the termi- 
nation. Of this laft; the inftances are not unfrequent in Ho- 
MER and for for what appears to 
have been originally péow, and for what I fhould fufpect 
had: been’ originally fm: or +. By a fimilar infertion, ayo; 
and ayis became apo; and emis, both of them fignifying, as be- 
fore, gra/ped or embraced. Ay», the dual number of thus. 
exactly exprefled: two objects, grafped, embraced or united, the pre- 
idea denoted by the term doth. ‘To dug, exprefling gra/p- 
ed, fome common word denoting place, object, or the like, be- 
ing at firft’ ufually joined, and afterwards in common ufe 
omitted, as being univerfally underftood, and. its oblique 
cafe came'to fignify literally place or 
ced, or comprehended. 


* Tue root a the common. Greek verb éuaw, to reap, (literally. to alias toge- 
ther the fruits of the earth), and of the Latin verb amo, to love, originally dena- 
ting to gra/p at or ftrive to obtain. 


t Pernaps the 9 thus inferted was as originally the /Eolic digamma ; ; a letter com- 
mon in the moft ancient, Greek writings, and it feems ‘probable, pronounced not 
unlike the 9, 


ALD 
} 
. | 
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‘Hence the different applications of are eafily deducible. 

1. Azour or round a place or object. 

oixtover, (HERODOT.) “ they dwell—place grafped 
oO by their city," —“ round 


_ © about the city.’’ 


“ had the winged them—his 


—-round his feet.’ 3 
di ae’ £idos. ‘Homer. 


* And threw the fword,— place. eralped or embfaced ay the 


“ fword-belt,—his fhoulders,”— * round. his fhoulders.” 
“* As in heaven the fplendid ftars appear,—objeét included, or 


comprehended in their line of appearance,— 


* moon, round the refulgent moon.”’ 
SoMETIMES, inftead of directly round about, an 
tical mode of phrafeology, exprefied only near about ; 


nome aura, 


he fell —place of fpace including or 


“ ing him,” —“ near about him, or clofe vefide him.” 
AMONG. 


 forrow arofe—objects included in its fphere of action,—ob- 


“ jects embraced in it—them,”’—** among them.” 


3. Upon. 
QuINnT. SMYRN,. 


“ He threw down the man to the ground, and fat,—object 
“ grafped by his fitting—him,’”—* upon him. 
4. FIGURATIVELY—abont or concerning. 
yeagn. LUCIAN. 
“ a treatife—fubjeét comprehended—the ftars,” concerning 
the ftars,”” 


| 
| 
| 
| | And 
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AND immediately related to this meaning,—FOR or ON AC- 
COUNT | OF, 


The horfemen were labouring and in earneft 
“ject grafped in their contention—the prizes ;”"—“ object in 
which their contention centred—the prizes.” 


xortorrs. 


“ As two lions irritated at each other—object grafped in their ir- 


“ ritation—obje@t in which their irritation centered—a flain 


hind, 


In every one of thefe, as well as in all its various applications, 
we find aygi, a noun, afluming, from its ufe, the character of 


what is termed a prepofition. - : 

Ay@i, fo far.as I can find, is a Naa either not at all or 
very feldom to be met with in the writings of the Greek geome- 
ters, zegi, being the word generally made ufe of by them for 
about. The reafon I take to be, that this fcience, relating 

chiefly to lines and furfaces, engi, which did not immediately, 


but only indiredlly, denote thefe, was lefs proper for their pur- _ 


pofe than eg, which, as we fhall afterwards fee, ny and ra- 
dically meant a boundary. 

prepofition has not been naturalized in Latin * ; in- 
ftead of it circa and circum came into ufe, evidently the eciniae 


and neuter genders of the old adjective circus, the mafculine of — 


which we find in common ufe as a fubftantive noun, denoting a 
round body, the primitive of circulus a circle. Circa and circum, 
therefore, Properly denote @ line going round. a place or objed. 


Here, 


* Excerpt in the infeparable prepofition am, denoting about, a mutilation of 
ep, or rather of the original word before the 9 was inferted. 


| 
} 
i 
| 
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Here, as in many other inftances, we find an example of an ‘idea. 
exprefled with equal propriety either by a noun or. its. corre- 
lative. The Greeks, in ufing a&ppi, kept in view that an object 
was included; the Latins, in ‘aang circa and circum, and the 
Grecks themfelves, too, in hadi in their that there 


Ava is one of prepofitions which, partly obfeu- 
rity of its primitive root, and partly from i its yaried and fome- 
what anomalous mode of application, prefents confiderable diffi- 
culty in the inveftigation of its primary and radical fenfe, Lin- 
NEP fuppofed it to mean preffure upward; an idea which i it 
certainly does very frequently denote, but into which ‘all the 
others cannot be fairly refolved. Profeffor 
Fragmenta, the proper fignification of it is faid to be per, 
through, in which opinion STEPHENS coincides. But to this idea, 
though fo refpectably fupported,. I cannot altogether accede. 
Through is undoubtedly one, and a very common meaning of ad, 
but, like the former, can only be ranked’ as one of its fecondary 
applications. Dr Moor, I apprehend, has come neareft the true 
radical fignification of aa; he explained it as expreffing “ the 
© lines of direction traced backwards ;” a fenfe not ve: y remote. 
from what appears to be the original one. 

Ava, in the immediate form of a noun, does not, 'I believe, oc- 
cur in the Greek writers now extant; but from its cognates and 
derivatives, it is not difficult to difcover the traces of its former: 
meaning. Ava, as an adverb, is common, expreffing a circum- 
fiance far back,—removed backwards from us, whether in place or 
time : a occurs in compofition in a number of words, with the 
fenfe as it were of contradiction or reverfal of the main idea, as 
gos, unmanly, cvoowos, impious, invifible: cavev, a deri- 
--yative from the fame root, generally carries a fimilar force of re- 

verfing 


| 
| 
| 
| 
| | 
| 
| 
| 
| 
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veting the idea denoted by the word with which i it is 


ed. 

In all thefe different cognates, we find the idea of caval ing. or 
tracing backward implied ; and AroLtonivus SopuisTA, in his 
Lexicon Homericum, mentions this as the primitive idea denoted 
by the prepofition da *. Here, then, I think, we may fix the 
radical fenfe of the word. Ava appears evidently to be a noun, 
having the literal fignification of reverfed, turned back, or traced 


backwards ; and, if neceflary, common:and obvious word, 
fuch as direction, pofition, or the like, may be fuppofed to be im- 


plied and underftood ; but this will feldom be required t | 
“WE may, therefore,'give the radical meaning of ava as back, 
backward, ‘or traced back. Thus, in XENOPHON, ave 


rupee dsexouioay, “ they bore them,—the river being traced back- 


“wards in their bearing,” i.e. bore them againft the Arcam, or 
up the river. | 

From this radical meaning, the other applications will be 
found naturally to arife. : 

1. VERY frequently ava fignifies up or upward, Beant down 
or downward being the natural and ufual direction which bodies. 


take when left to themfelves, up is confequently the natural di- 


rection. reverfed or traced back, and therefore properly exprefled 
by ava 


“ Having thus fpoken, t a{cended. the veel, and ordered my 


companions 


APOLLON. SoPuist. fub. voce Ava. 


+ ear $ ides of the derivation of this prepofition from a Hebrew word: 
fignifying an anfwer, coincides pretty nearly with the idea here ftated. The He-- 
brew word for an.an{wer may probably have originally denoted a rebound.. 


| 
‘ 
| 
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“ companions to go up (or on board) and to ualoofe the 
cables went—direction of my going—the veffel—in the 
order of pofition the reverfe of what is ufual with bodies, i. ¢. 
upwards ; I ordered my companions to loofe the cables—line in 
which they loofed them—tending on » Or reverfing the na- 
tural tendency of 


ave HOMER. 


“ Having raifed them aloft, he placed them on a tamarifk,’— 
placed them—point of placing them—a tamarifk ;—fituation— 
the reverfe of what is the ufual tendency of bodies,—that is, up 
or aloft. 

2. As the notion of a return or reverfal always of neceflity 
prefuppofes the idea of a prior movement or pofition to which 
this is oppofed, ve, from exprefling only the fecond, came natu- 
rally to be extended to denote both together. Hence we often 
find it applied to exprefs the idea of backwards and forwards, up 
and down ; that is, courfe backward, proceeded by courfe for- 
ward, courfe upward proceeded by pofition downward, or, as 
juftly and accurately ftated in Mr DaLzev’s Fragmenta, “ motum 
‘“ huc et illuc—itionem et reditionem—furfum et deorfum.” 
Ava es (XENOPH.) “ to wander—courfe of wander- 
‘“ ing—the mountains ;—firft forwards—then this reverfed or 
“* traced backwards,”—hence up and down the mountains,— 
over the mountains.» 


prnoacde Boverdos 
ave Homer. 


“ Keep i in mind your impetuous courage—by the hollow fhips,” 


—going along the fhips—backwards and forwards—firft for- 
wasds,—then that courfe traced back again. 


It 


7 
i 
5 
| 
; 
; 
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ini is from this application that eve has often come to be ufed 
for through or over,—through the mountains, or over the moun- 
_ tains, equivalent to up and down—backward and forward. 


3. Ava is joined with nouns of number, to denote regular difirt- = 
bution. ave (VIGERUS), “ he orders 


“¢ the foldiers to go out by: fives,’—to go out five—then traced 
back again,—to go out till they came to five, and then begin or 
trace back the reckoning again. Kiwapepov ovyxiay 
| pias, (VicERUus), “ of cinnamon and nard, an ounce each,’’—of 

cinnamon an ounce,—then trace back the fame reckoning for 
the nard.- PA 3 

4. Somerimzs, though but 18 ated to (dente accord- 
to. Aadsiv Adyor (CLEMEN. ALEX.) “ to fpeak— 
“ the fame word naa backward neers to the fame 
| 
thefe different heads, all I the of ave may,, 
I fhould think, either dire&tly or indire@ly be arranged. In all 
of them we are warranted in regarding it as anoun ; and though 
it cannot be denied, that the varied application and. obfcure cri- 
gin of this prepofition may fometimes occafion difficulty in 
marking its exa€t progrefs or ramification, this does not at all 
detract from the truth of the general propofition. Here, as in 
many fimilar cafes, the following obfervation of LInNEP will be 
found to hold good. “ It ts not to be expected; that the analo- | 
“ oy of any language can be perfectly traced, from the want of 
“ many primitive words, which, having gone into difufe, are not 
“ now to be met with, as the moft ancient compofitions in the 
“ language have probably perifhed. This defect is ftill increa- 
“ fed by the careleffnefs of lexicographers, who have not. been 
attentive even to preferve the old words that were to be met 
“ with at the time they wrote.” Hence, under every root, we 
need not be furprifed to find blanks in the analogy which no. 


mMgenuity or conjecture can now poflibly fupply.. | 


| 
| 
| 
Ayris. 
| 
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Ani. 


Ayr} is explained by and ScHEiDE, as one of the 
cafes of an obfolete noun avs, in the genitive avrg, fignifying 


front or face. In this etymology they appear to be well found- 


ed; for though the noun a; itfelf 1s fallen into difufe, yet we 
ftill find fufficient remains to indicate its former exiftence. Avra, 
evidently its accufative cafe, is in frequent ufe as an adverb, to 
exprefs before,—in prefence, in face of : évrny, probably the accu- 
fative cafe of a cognate noun, is likewife ufed adverbially in the 
fame fenfe with dvrw: the adjectives évevriog and avriog*, and the ad- 
verb avrixevs, both of them immediate derivatives, exprefs alfo 
in prefence, in front of: the verb areas is explained by Hesy- 
CHIUS as fynonymous with Asravevew, to fupplicate, i.¢. to fall — 
down before, or in front of, in prefence of. To all this may be 
added, that the Latin prepofition ante (evidently the fame word 
radically with the Greek t), uniformly expreffes. defore, 
equivalent to in front ; and in the fame language we find a fub- 
ftantive noun ante, (a plural from the fingular anta,) denoting 


* TuHAt éyrics fignifies literally zm front, the following trait in the Spartan epi- 
gram, which defcribes the of Turasypuxus carried back from the battle, 
clearly afcertains : 


meas Aras Temi poate peeve; 

“ having received feven wounds,—fhowing them all in front.” 

| 
+ Tue Latin language is well known to be derived from the Greek; but it 

fhould always be attended to, that it is the Zo/tc diale& of the Greek which muft 
be regarded as the immediate parent of the Latin. Hence many of the words tranf- 
planted from the Greek to the Latin are found to differ from the common dialea, 
but to refemble very clofely the correfponding word in the AEolic, 


| 
>. 
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the pofts fet the: that 3 Sronting part of 
houfe. 
Frowr or fate, appears to be the radical fenfe of 

Iscpsvos avri “ fet or: ‘the '—front- 
ing the door—before the door, 

Avr’ ntAioio cummed —front the fan,”— 
fronting the fun *. 

Tuoucu front was the radical of 
yet it is to be obferved, that the immediate and direé ufe of the 
word, in this fenfe, feems to have been in a great meafure fu- — 
perfeded by fome other prepofitions. It is in the fecondary ap- 
plications, chiefly, arifing’out of this primary idea, that we find 
avri employed by the Greek writers. Thefe fecondary applica- 
tions are principally four,—oppofition, and 
Jubftitution. 

I. Dooepennterr-hetmate fronting or. facing i is both the natural 
attitude of direct hoftility, and the moft obyious mode of re- 
tarding or counteracting. what we with to prevent. > 

"Avs avdpog ita, (Homer), “ go--objed. fronting or. meeting 
you in face—the, man, the. man 
{peech.”. 

front or face each. other, is the moft common, and ready mode 
of enabling us to compare and. contraft them. . 
“ filver compared with oxen,’ —filver—objedt. put. in front, or 
contrafted—oxen., ave) tse —“a king 
“ is comparable to ten thoufand foldiers,”—“ a king is—object 
“ fet in front to be compared—ten thoufand faldiers.” 

Vou, V.—P. IL Tt 3: Pre- 


* Iw this phrafe, which occurs, ps) it 
but 


? 


? 
= 
; 

| 
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. 3» Prererencr,—becaufe what is moft valuable is conceived 
and fpoken of as occupying the front or-foremoft place. _ Apr} 
yen, (Isocr.) “ glory fhould be taken in 
“ preference to riches,”—glory fhould be taken as an objed, 
holding the place 1 in front of, or in a more honourable rank,— 
than riches. ‘Ov tya arti wavrar tives, (PLA- 
To), which I aver to be the beft of all contefts,”"—which I aver 
to bea parentage the front or firft rank of all —. 


Beauty to all thields—prefetable to all 
“ beauty—holding a rank i in front of, or before all graven and 
all lances *.” 

4. Suzsrrrvrion,—for the reafon juttly fated in Mr 
Fragmenta ; “ verifimillimum eft dvr} primitus ufurpatum fuifle 
“ad defignandum alterum poni contra alterum, id quod fieri fo- 
“ Jebat antiquiflimis temporibus, quum merces effent commu- 
“tandz, unde facillime transferebatur ad indicandum ipfam 
“ mercium commutationem vel quodlibet fuffeCtum in locum 
alterius.” "Avr ayaang “ inftead of, or in return 
“ for love, to find hatred,”—to find hatred—when the object put 
in front of it was love. (Tuucyp.) “ peace in- 
“ Ttead of war, peace—object fet in for which i it is to be 
taken in exchange—-war, 

From this laft application of dive}, it hae come to 
ufed by the Greek writers in {peaking of commodities fold, to 


exprefs their price. Examples are | 
5. FROM 


* Sucw phrafes are frequently refolved, by fuppofing arti, when it fo occurs to 
denote comparifon or contraft only: but this appears to be infufficient ; for though 
all preference implies contraft, all contraft does not imply preference. 


| 
| 
| 
| 
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5. From a particular view of the primitive idea of fronting or 
facing, ayri, when both preceded and followed by the fame 
noun, came fometimes to denote addition or accumulation; be- 
caufe, when two quantities of the fame commodity were placed 
fronting each .other, this could not be for the purpofe of ex- 
change, but rathér that the one fhould be added to the other, to 
complete a mafs. Hence fuch phrafes as dving aviawy, “ for- 
rows—in front—forrows,”’—forrows added to forrows,—accu- 
mulated forrows; “ grace—in front—grace,” 
grace added to grace,—abundant grace. In Englifh we have 
adopted a fomewhat fimilar idiom, only inftead of employing 
the word denoting front, we ufe its correlative after,—faying 


Az, 


Greek prepofition and our Englifh prepofition from, 
are univerfally allowed to be nearly equivalent i in fenfe; and 
probably it may be found, that the origin of both has been in a 
fomewhat fimilar line. That exd, like other prepofitions, was 
originally a noun, there can be little doubt ; evident traces of 
the cognates and derivatives of this noun being ftill to be-met 
with. Thus, befides the prepofition and, we find in ufe dé as 
an adverb, denoting far of, with its derivative darwbe *, from 
far ; and though the adjeCtive cmos, diftant or remote, appears to 
have become obfolete, yet its comparative axartgos, farther, and 
fuperlative dwdiraros, fartheft or moft remote, are frequently found. 
‘The word ¢wos, likewife as a fubftantive nouns, occurs once, 
and, I believe, but once, (Eu RIP. Pheeniff. ) and the lexicogra- 

Fer the cifterns are. at a great diftance from the. town.” 
in voce, 


‘ 

| 

| 
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phers feem at a lofs what to. make of it. ‘The Greek fcholiaft 
conjectures it to have been equivalent to sos, deight, and thence 
transferred to denote pixos, length, a ftrange circuitous mode of 
application, much more naturally refolved by underftanding 
the noun eros as a cognate of the adjective aos, and. hence im- 
mediately denoting length or diitance. It may be added, that 
- there is in common ufe a verb dara, to tie, and arromes, to 

touch: the root of both thefe, I fhould conjecture, muft have 

been a verb dara or daw, fignifying to {tretch, as it is not eafy, 

except upon this fuppofition, to reconcile the different meanings 
of the active with thofe of the. peer or middle form of the 

TuEse different cognates, feem all to pri- 
mitive meaning of oxo, and mark it out as an adjective denoting — 
_diftant or remote. Some common noun denoting place or point, 
oe being, as in other cafes, underftood or implied, dao came to be. 

ufed in the literal radical fenfe of di/tant point,—remote point. 
From being thus. frequently to exprefs a point, more 
remote than any other in view, the was- extended to: 
denote likewife the extreme point. 

_ Tus primitive radical fenfe dx) retained i in a a number of. 
cafes;.but upon this primitive meaning there came, it fhould 
feem, to be very foon engrafted a fecondary. application, which 
in time, in great meafure, fuperfeded the former. In any 
courfg or ‘progres, i it is evident, that, i in the nature. of things, el- 
ther the commencement or the conclufion may be reckoned the 
extreme or remoteft point of the line ; but in, the ¢ common ufe of 
language it will be found, that it is the former which moft Bee 
nerally and readily occurs as the point “‘moft remote from the 
fpeaker. Hence the mof remote or extreme point, is often conf- 
dered as the fame with the point of departure’; and the word 
which at firft denoted the oné, came readily’to be applied to ex- 
prefs alfo the other. , Such appéars to have “been the cafe with 


| 
| 
| 
| 
| 
| 
| 
| 
| 
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axo among the Greeks. From exprefling originally the moft re- 
mote or extreme point only, it came to be moft generally ufed. 
to fignify, what in the language of navigators is called.the point 
of departure, and hence, by an eafy er the point of ori 
gin, the point of commencing. 


AGREEABLY to this idea, all the Of may 


by a reference either to the or to the 
cation of the word. 
WE find dro, then, as Genifying 
To ‘fpace ox corporeal objects. Ard dobivros 
(Evciip.), “to draw a line from a given point,’— 
“ extreme or remote point of drawing, ’—or, “ point of depar- 
“ ture or commencement of drawing it,—the given point.”— 
Lagdew; (XENopPH.), “ he marched from Sardes,”— 
“ extreme point;—or point of his departure,—Sardes.” 
tor fight from the wall,”— extreme point of 
fighting, “point of outfet of the fighting,—the wall.”— 
Ax we, (ANACR.) “ darting at me the 
“ —extreme point of darting,—the eyes.” 
To time, “ from the time we: 


thall endeavour,”—“'we fhall endeavour *—point of outfet of 


“ our endeavours,—the prefent time.”” Aird rig 
“ immediately after the war, he 
“ withdrew from public bufinefs,’’—-“‘ he withdrew from public 
“ bufinefs,—point of outfet of his ‘withdrawing,—or extreme 
point of his withdrawing,—the war.” ‘© 
ira teed sxrrqdei¢; (GALEN); “the lighter Sabine wine is fit for 
“ufe from feven years ‘old,’’—* the wine is fit for ufe,—point 
of outfet of this fitnefs,—feven, years.” Ard 
Los (Tuucyp.), “ to turn, the hips at one fignal,”*— 
“ to turn the of outfet of the furning,—one fig. 


ek 
a> 


6 
i 
4 | 
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3. To the relations of objects, and chiefly to their relations as 
effets from a caufe either producing or modifying them. Aive- 
Jomevos ex amd te tor (DION, Ha- 
Lic.), “ perceiving that his brother was acting thus, not from 

“ the beft difpofition,’’—“ acting,—point of outfet,—or origin 
“of acting,—not the beft difpofition.”” Adxer trégas rois 
Sous, O& chard THs {Lucian. “it appears in 
“a different light to the ftoic and the academic philofopher,’’ — 

‘—to perfons from the porch and from the academy,”—“ per- 
fons of Gepartre,—the porch and aca- 
“ demy.”’ 

4. In all thefe ifferent of are 
common, the fecondary fenfe appears to predominate ; but ex) 
ig fometimes found in ufe, where the original meaning of remote 
or diftant point dire@tly prevails. This takes place in regard to 
material objects, in fuch phrafes as the following: ‘Qs péy roi ys 
bi (Xupuiv.), “ when they arrived at a diftance 
from land,’’—*“ when they weet or diftant — 
the land.’ | 


"Es didgor _HeEsrop. 


“ ‘They placed him in the chariot away from the earth, 9 ae * pla- 
ced him—diftant or remote point, —the earth.” cog 


“ Minerva turned away the force of the ieee it 
“ from the chariot,’’—“ turned the force of the fpear,—warding 
it,—fo as to be remote from the chariot, or r diftant 
point, —the chariot.” 

Tr is in this manner that azo 1s Giecwilh a to denote 4 


ng ation ; the one object being fuppofed to be fet at fuch a di- 
‘ftance 
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{tance from the other, that they ceafe to be in any manner con- 
netted. axd (THEMIST.) “ he 
“ fhewed that it was altogether contrary to his defire,’’—‘ fhow- 
“ ed. that it was fo conftituted, that it was a point entirely di- 
“ ftant or remote in refpect to his defire.” ‘Oux yroune iy, 
(Jut1an. Auc.), “ it was not contrary to his mind,”’—“ it was 
“ not in the fituation that it was a remote or diftant point,—in 
“ regard to his fentiments.’’ ‘O amd xescCeiac, (VIGERUS), 
“one who has finifhed his embaifly,’’—“ who is no longer an 

_ “ ambaffador,””—“ who is now in fuch a ftate as to be remote 
“ or diftant in refpect of the embaily.”” 


Tux Latin prepofitions a, ab, it is well Setieins are merely the 


prepofition eo; in a mutilated form; the radical meaning is 
nearly, if not entirely the fame, foekitg fometimes reniote point, 


when a4 or ab is ufed to exprefs from; fometimes point of depar- 


ture or outfet, when ufed to fignify dy. bs, which has the fame 


fenfe with a or ad, is the adjeétive axes in a contracted form. — 


Absque, which is juft abs with the relative fubjoined, takes the 
fenfe of remote or diftant point only, and hence fignifies without. 
Thm, “ epiftola absque argumento,’’—“‘ a letter without an ar- 


“ sument a letter,— —remote,—in refpect to: which is argu- 


“ Absque te vidtoria effet,” — —“ the victory would be 
“ (obtained) without you,’”’—“ the victory,—you being remote 
“in refpe&t to which,—though you were Temote or 8 a di- 
“ ftance,—would be obtained,”’ 

In thefe different fenfes of the Goch mnsciaice aro, we trace 
a very fimilar analogy with what appears in the correfponding 
Englifh prepofition from, This Englifh prepofition Horne 
Tooke will have to be the Saxon frum, beginning. But from 
fome of the very examples given by himfelf, and ftill more from 
others that might have been adduced, it is eafy to fee how for- 
ced and unfatisfactory the analyfis of many fentences on this 
fuppofition muft be. A different origin, muft, therefore, be 


fought 


- 


| 
’ ; 
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| fought for the word. From, in Saxon, is | frani and fr@s: This Jaf 


appears plainly the root, and it is as evidently: a: defcendant of 
the Gothic fairra, from. ‘Now this Gothic fairra was undoubt- 
edly alfo the root of our adjective far, equivalent:to diftantiof re- 
mote ; and from this root proceeds likewife the German Fremde, a ~ 
ftranger. Here, then, we have the fame analogy which has been 
already traced out in the Greek ; the root of our Englith. from 
being an adjective exprefling remote, and the 


: jutt—remote point, or.difiant 


Ir may be.added, upon the fabject of that. this 
tion, or rather its afpirated form a¢, is, according to the beft-ety- 


mologifts; the root:of the Englifh adverb of, originally “af s ‘and 


_ the precife meaning of this is d iftant or remote,—off, as is well 


known, being quite a different word, and from adifferent fource, 
from the prepofition ¢f, a word radically and: properly denoting © 
clafs, kind or fpecies, though the two have not. always been 


a 


“THERE can be little ow the 
mouft have been clofely related to the verb di#. Now d/w in ‘com- 
mon ufe fignifies to drive out, or drive away.’ From many of its 
cognates and derivatives, however, it is evident, that it mutt 
have fignified alfo to divide, to /plit, or to cleave. The original 
radical idea expreffed by it, therefore, from which both thefe 
took their rifé, may fairly be conjeGtured to have been to Lore, 
to pierce, to penetrate. From this verb iw appears to have come 
a verbal adjedtive duoc, dice, dior, fignifying, ‘from the! verb, pierced 


or penetrated, fometimes DivIDED ; and, when applied to furfaces 


or fpaces, by a very natural and reftriGion, pafed over, 
or croffed. ‘To the neuter plural, or feminine fingular’ of this 
adjective, fome common word, fuch as yeawpn, onpéa, of 


the like, being at firft nee joined, as in other cafes, and after- 


wards 


‘ 
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wards in. _praiice omitted, came to, be ufed alone for Ane, 
croffeds: 

From this the various of. the. as sit appears 
in the form. of a prepofition, took ‘their, 
as applied to.fpace, was to denote 

1. and moft ufually, THROUGH. 

dos the axe goes the tee,” 

axe goes, object penetratedj—the tree.’ 
dit worov (THEOD. “ Let one circle cut another 
through. the poles,’’—“ points pierced or penetrated i in cutting, — 
peer (ArcHIMED.), “ a plane drawn through the centre of the 

“ earth.and the fun,’’—“ drawn,—points pierced or in 


2. AcRoss. | 

“ or. place palied the 


Which blowmg: farted for rearing 
“ on the wide fea,’’—* blowing,—place paffed or croffed:i in: blowa 
ing, in order to reach the fea.” "Exogevero 0s’ ‘AsCony, 
marched through Egypt to Libya,’’— 
“ croffed-or, pafled in marching:to Libya,—Egypt. 
THE only difference between'thefe two applicatiden of 
fifts in this, —that, in the former, the internal part of the object: 
V.— | Uu | 


| 
| | 
| 
| 
| 
| 

| 

-| 

| 

| | 
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is underftood to be penetrated “or. divided; "in the latter, the far. 
face only; but the idea of — uniformly menace | 
3. BETWEEN. 
“ his hand, that is, between the two’ ‘parts: ‘of his handy” to 


4 


« When art paifed fafe between or through'the deftriive 
rocks, objets as it were o or penetrated ‘palling, — 
three horfe penetrated or ‘divided in 
running,—the extent of three ftadia.”? -Ex dy 
crys, “ from the towers which were at a fmall diftance from 
«each other,” —** towers fituate,—/pace: penetrated o¢ ‘divi- 
“ded by the line reaching them,—a Jmall fpacey—a Small in 
46 val,”’ RIL 
applica: ‘to'time as: to {pace: this 
of application, it expreffed fometimes through, fometiines af- 
ter ; that is, the action was confidered as. either. actually pafling, 
or as having juft paffed ,aninterval of time. The analogy between 
{pace and time ié fo obvious, that the reafon of ufing de is this 
way ca require ‘As. referring-to time, then, 
night and day,” +“ to time 
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Sleeping through the: night,” in he 


2, AFTER. | | 


off the firfo water after two days,'’=—“ pouring .off the water, 
interval time paffed before pouring) it off, pafled 3 in its 


when is chus made to denote after, i it always. implies, that the 
of the tranfactior on “then. éxifting, i is the refult of the, pre- 


ceding’. adtion, with, which did Joined. 


“after three. days he came,’’— interval paffed in coming, — 


three. days,” —intimating | that ‘three days were fpent i in travel- 
ling ; ‘whereas, had been ufed for afher, fuch previous 
connection, would Hav ‘been. implied ; the three. days. ‘might 
have occup pied an. bearing, ‘No to, his 
Bra fecond. yemove, from. the primitive meaning. of the. word, 
3.2 came alfo to ‘applied to exprefs cau ee in all i its forms. 
In this’ mode of application, it appears o have ively 
employed to mark indi fferently, the —t rUui yental, 
—the ‘formal, material, the procuring, the. auf 
_ The idea, in all of them, was. evidently taken from th the ufe.o 
to exprefs an interval pafled, an intervening ‘objeét pe Lae or 
an intermediate, fpace croffed., A caufe;.of. .whateter kind, na- 
turally prefented itfelf to the ‘mind as a paflage _ oF * medium be- 
tween t bare or ‘defign of an action ‘aid itd” éntire 
complétion.-” “Rn exainple Of eath {pécies of Caulé, ‘will f how in 
this ufe of Bid, the'e onftant teferetice to its’ tadical meaning. 
THE. efficient. AV (Rom. ‘i thr ough 
whorn we ‘received ‘brace, We received gHace,—medium . of 
to 
Uu2 Toss 


| 

VIOUS Hor if i¢ fo he onierved._th2 | 

| 

| | 
| 

| 

| 

| 

| 
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“ They become demons through the will of mighty: — 
become by this’ is effected, =the 


or by. which forrow is to relt,” forrow i is 
“ “Tulled to reft, —medium of doing this,—it.” 


THE inftrumental. "nero did was by 
* —medium in order to its 


Tu EOPHRAST.), “ the fand being a ritated through or by the vi V10- 
lence of the winds,”—* the fend ‘being agitated, —medium or 
paflage t to its violence of the winds.” 


re 


‘What I I by your merit, by. your 
“ and by that of no other mortal,’’— what I poffefs, I: poffefs, 
« medium of its reaching or palling to 
merit or favour.’” 


Tae final, related t to the 


ASA 


he 


v ‘ 
| 
| 
PHRAST.), “ it is carved and fculptured by reafon of its being 


33 


« he will fight,—mediam to bring about he 


fe haften, not with the view of ‘eelebrating religious 
« in honour of the gods, but for the’ fake (or on account) of the 
“ beauty of the damfels‘‘who aflemble on thefe occafions 
they haften,—medium or’ ‘paflage''to induce them todo 
the beauty of the damfels, the affem- 
In feveral of thefe'a of id to caufation, particular- 
ly the laft, it’ muft be admitted, ‘that'the mode of ‘expréffion is 
elliptical ‘and circuitotis$' in’ all of them, however; it is eafy to 
trace, either immediately or remotely, the ne fenfe ‘of pees as 


‘ 
a.’ ‘ - 


Tuts well as iv; was Tuppofed Dr 
have been originally. the numeral as, both pre- 


{pace immediately adjoining’ the. abjedt fpokén off This idea, 
though ingenious, appears clogged with infurmountable diffi-— 
culties.: Eig'and!’ ty ate by no means fo' nearly the fame in mean- 
ing as this‘ derivation would -make them. ev. derives 
from'the-verb tw, to:fend,—a derivation undoubtedly. forced. and. 
unnatural ;:and ScHe1p# mikes 'a.contraGtion ‘of daw, within, 
evidently reverfing the analogical the. 
None of ‘thefe'deduétions atiall fatisfa@iory; ex- 
plaining the various ufes/of we muft have'recourfe to fome 
other origin of the word; and one better adapted to the purpofe 
may, 


} 

i 
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may, I ‘think, bé found. There iis} in defective 


verb fue, fignifying to fit. ‘From the Analogy of the language; it 


is clear that this muft have been the perfect paflive of an obfo- 


lete verb se, fignifying to /et; of which the perfe@ paffive would 
| confequently fignify; Lhave been fer,” or am ft,” or what 


is equivalent, ; Now, in the xegular.declenfion of :this 


—-yerb.ta, 4s would occur 4s. the participle of one of the. aorifts 


paflive, naturally, and.. Agnifying #t down, or 
what is, equivalent to)this, any, thing in the act of fitting, refting, 
or fome fimilar attitude,» Here, in the, other, prepofitions, 
fome common word being underftood, eg might come directly | 
and literally to: exprefs jitting, place, refting place, Stopping. place, 

Wrru, this fenfe, all the. of exactly epincide. 

Straight line falling. om parallel Araighs the ftraight 
“ line falling,—refting, place,—parallel,. lines.”’,. 
rev (ARCHIM,), “ let the ruler be turned towards 


“the fun,’’—“ let the ruler be: or ftopping 
point.of 3 line of 


cade he eaufed. money. be fent-to 
hetcanfed emoney be-fent,—ftopping place)— 


“\place where the fending the tie 


“he thirew'a {tone ator againft-the wall, -he-threw a 
“fitting place,—the affembly.”? Kugos: 


Navuras 
* 
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The failors from the sites towards ‘thé Bear the 
“ ftars of Orion,’’—“ the failors looked,—refting place of ‘their 


looking,—place where their view refted,—the Bear and Orion.” . 


Eig the confpirators amotinted to 


200; the ‘confpirators proceeded in ‘Where 


the numeration tt 


“ they ‘feaft till fanfee,” they: feaft,—ftopping: point of their 
“  Ei¢ he works ‘to the at- 


moft cof “his power,’ “works, ftopping ‘point, —his 


ftrength, point where his exertion ftops,—the’ point where his 


againit the’ Athenians)’ complaints objet where 


“ fed forrhis' beauty,’ he is where the: 

Iw all chefe vations applications of Ke faire 
cal idea of fopping' place or refling place exifts and, in like man- 
ner, itowould' to trace the fame primitive fenfe in every 


or fentence where occurs. 


the Baryum,of GREGORY,, the derivation 


is. properly fated ifrom, the. “ Iiyield,.give way,ior 


“ quit Thig, prepofition; therefore, :appeiirs to be a 
mutilated verbal noun; of fimilar import, with; the verb, and:may 
therefore; be exactly rendered :guitted, or place quitted, and,.by a 
very obvious,tranfition; fate; quatted, radicalomeaning cor- 
with, thet; the Rnglith word. out; which Jeems;:a 


branch 


| 
| 
| 
CY 
‘ 
| 
| 


away,-—time. quitted,—the time. of 
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"branch from. the fame root with the French éter ot after, take 
ox remove. 


this radical and. fenfé tx, all its different 


out of the, river,” —* drawing much. geld,—place quitted,— 
“ the: river.’ “ ftone cut out of. the 
mountain,’ cut out,—place iquitted,—the mountain.” - 
TIME... Ex.cits “he. died: after the condal: 
* dhip,”— “ time left,—period, qnitted,—the confulfhip.””, “Ex 
Osinvov “ he went. away after. he went 


3. STATE. EZ roneper,- out of peace to: 
“ to war,’”’—to go to war,—ftate quitted,—peace.”? | 

this idea, is often applied. to the fem 
which a thing is made, becaufe the.obje@. formed is, by,an ob- 
vious analogy, cenfidered.as having. quitted the. mafs of )unform- 
ed matter to aflume its new ftate. a cup of 
“* gold,’’—“ a cup made,—ftate quitted,—the mafs of unformed 
“ gold.” “Ex. cgiaw (Evextp). “ from: 
“ three ftraight lines to conftrudt a triangle,” —“ to.conftruct a. 
or form quitted;—three ‘unconnected Attaight 
“ lines.’’ Ov ra HEOPH.), “ ftones, of 
“ which: ftatues are made,’ are ‘Guitted, 
& *Ex.and, dro are frequently inately.. From thie 
radical) fenfe‘of- the: two, fuch: an’ ‘idiom is ‘perfectly addmiffible ; 
for as tx fignitics the quitted, and thé remote point, or 


| | point: 
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point of departure, it is plain, that the idea’ tniplied in the one 
may often’ be the! fame ‘with: that the 


er. > 


ds aden of Dr Moon's dist 
were, both of them, parts of the numeral adjeCtive 49, 
an unfatisfactory derivation, by no means conveying the radical 
fenfe of either prepofition.': As we fought the origin:of 


another quarter, the fame, I apprehend, muft: be done with're- 


gard to .LinneEp’s derivation of: from the verb! ai, 


and ScHEIDE’s: fuppofition, fromthe verb 


Gi [hb immitto, are certain 


ble; the former. giving no 


determinate fenfe to’ the prepofition, and the’ latter being parti- 
g the prepofition itfelf; or. one of fimi- 


cularly faulty, as‘r 
lar import, to be joined: ‘to the could acquire 


Ey, then, I think, may be: jultly .dedhiced, ‘indeed, 


be actually. derived, from ‘the! verb en; or) clothe; and 
thence to cover, By direét proceflion from: 'this <root, iy, whe- 
ther a verbal. fubftantive, or, as is:not improbable; a contracted 
participle, retains the fignification of ‘the: verb; and its radical 
fenfe may therefore’ be fet down as! ¢lother, coverer;iand, by ge- 
neralizing, this idea, container or comprebender.\. Letus try: how 
far its:various-applications may: be)refolved by, this-idea.) 

THE moft natural and. common. application. Of: 695 18: tO. PLACE, 
and that in different modes. Ey yegew iyo, have my 
hands,” ‘have it, +container,—my hands.’’. iv 


TH. Egueads (THEQPHR, ), abundance of 


“ ftone:in the _promontory.. called abundance of 
ftone,—container,—the, promontory icalled Erineas.””. 
“ between the fame parallels,’*—“ parallelograms,—container,— 


Vou. V.—P.IL X x “ the 


“ 
| 
| 
| 
| 
| 
| 
| 
| | 
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fame parallels.” tr dodeon 
yovia, (EveLip), “ to conftruct a parallelogram,—container,—a 
nh given angle,” —a parallelogram formed with a given angle.’’ 
"Ey ra exabeCero, (JOHN xi. 20.), “ fhe fat in the houfe,’’?— 
“ container,—the houfe.’’ “Enayisg tv roig (MAT. 
ii, 6.),. “ leaft among the chiefs of Judah,’’—“ leaft -of thofe,— 
‘ container or comprehender,—the chiefs of Judah,—of thofe 
“ whom the title Chiefs of Judah comprehends.”’ KatéCasev év 
(JouN v. 4.), he defcended into the pool,”’—“ he 
“ defcended,—contamer of him after his deéfcent,—the :pool.’’ 
Babar to come into Greece,’’—‘ to:come,—contain- 
_ er after the coming,;—Greece.’’: In thefe two laft examples, 
and others of a fimilar nature, the mtermediate ftep is, as it 
were, overlooked, being underftood as neceffarily, implied:in the 
completion of the action. In the Englifh: prepofition ‘nto, the 
expreflion is more full, though the order of the two’ prepofitions 
of which that word is compounded, is, as 1t ‘were, inverted,—to 
implying the termination of the motion by which a place is 
reached, and in the pofition of the objed, fix 
ed at its place of deftination. > | 
E» is alfo applied to. TIME; and im this the oon re- 
folution of it may be made. ‘Ev tera (Hir- 
pocr.), “ they will die within feven days,’’—“ they will die,— 
“ period comprehending: the time of their dying,—feven. days. ed 
Ev he did it during the truce,’’—“ ‘he did 
“ container of the time of doing it;-the truce.’” 

is likewife ufed.in expreflimg MopEs OF ACTION. Ey 
(KENOPH.), ‘they fight” (as ufually ren- 
dered) with fhields. and’ darts,”—‘‘ they: fight in the way of 
“ fhields:and.darts,’’+—“ they fight,—container oftheir mode of 
fighting,—the ufe of fhields:and: darts.” tv, 
due, (ABROC, vi. &), “ to Kill 'in the wey of {word 

‘maine,’ 


“ 
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mine)!’ 


is fometimes R is fignified. 
Ey “ it is in my power,trwithin my’ reach,’’—* it 
container or. af this abject, 
“‘ the line of my. agency.’ > 20% Ui 
By a particular, mode of she fometimes ap- 
‘pear. to:have made ufe of iy, where we might have fuppofed.ix or 
dm fhould. have: heen employed. Ev to. cut 
“ a branch fromthe tree,’’—“ to cut a of the 
place where; it was cut,--the. tree.’” In our: mode of: .expref. 
fion, from would:have been. ufed, as denoting the point.of “depar- 
ture- In the, Greek; phrafeology; was fi to mention the 
place, where the action took effet.) 
Tre; Greek prepofition a, it may jul be in: 
appears evidently. the primitive of the diatin iprepofition i; and, 
throngh it,-of the fame prepofition in moft.of the modern:Euro- 


pean languages. But, from:fomeof»the preceding examples, it 


will alfo appear, that the primitive word was made jufe of in a 
more extended fenfe. to be in its 


Turs prepofition is‘one thofe Dr Mode has brought 


forward as a principal illuftration of his ingenious theory of the 
variations of the force of the Greek prepofitions, according to 


the differetit tafes of their nouns. Some particular 


examples, it is certain, feem to fupport.'this theory, but-others 
as ftrongly, militate againft it;. fo that. J myft: regard ‘it as. 


by no fufficiently., eftablithed : but: “whether ‘true or not, 


even admitting: the. ‘truth. of this goed very. little 


us to develope the radical. fenfe of the prepofitions. 


Xx2 In 


| 

| 

| 

} 

| 

| 

| 

| | 
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Tn the: prepofition. we are now confidering; though'affording one 
of the beft illuftrations of Dr Moon's ideas; the primitive fenfe 
muft be fought for, not: according to his hypothe, a 
fair examination of its root and cognates. Hoek 
~ THE. root of é#i appears to lie‘in the verb a 
in different paflages of the earlier Greek’ writers,‘ in’ its fimple 
form, and ‘of pretty general ufe in a compound fates: "Emre is 
rendered by STEPHENS to work, to ‘handle, toifollow ; fometimes 
to burt, and: fometimes to warm ; and frequently this verb is ufed 
by Homer to exprefs rubbing, furbifbing, and: Jeouring.” Al thefe 
different’fenfes are, I think, eafily reducible‘to the idea of prefing 
or clofe touching, which may thereforecbe taken ‘as’ the radical 
fenfe of «/Eew, the- root, having this radical’ meaning,’ its 
cognate and derivative muft exprefs the fame-idea’; ‘arid‘aa 
appears to:be a mutilated -verbal :adjective; with its 
tive,underftood, it is:properly and: adbered 
to,.or obje touched clofelys :and this: it retaine 
ther. applied to Ott wap 
table,’—‘* the ball rolls,—obje@ prefled by it, or adhered te 
“in fo doing,—the table.”’ inves éxi rhv yay, “ the ftone- 
falls upon the ground,”—“ the ftone falls,— or. 
to by i its all—the 


“ to: many of: the Greeks: at‘ or: ‘befide the fhips,”— to 
“ deftroy: many,—place or objects clofe touched in doing 
“ the fhips.” “to fit down at‘or befidé chi 
to-fit down,~—place touched: or clofely adiiered to . 
“a ftraight line ftanding: a ftraight ftraight 
“line 
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ftan ing,—-place or’ objet adhered to, : preffed, or clofe 
“ touched its ftanding,— another ftraight line.” ‘Es’ Afyur- 
rs “ to flow towards Egypt,” —“ to flow,— 
place adhered ‘to, preffed, or ite 


who firft, and who : next after the firft who firft,—and: 
“who adhering to, prefling, or clofe-touching the =. . 


pear grows. old after. pear,””—* pear grows “old, —event clofe 


touched i in point. of growing. old of another, pear.’ 


“ would pafs,—period adhered: to, or in .this- 
“ paflage,—the third day.”’ 
3. As applied to relation, polffion or ocompation. 
“ things fome.are.in our power,.others.not,’’—‘ fome are fo: 
“ conftituted, that the, object adhered to, prefled, or clofe-touch- 
“ ed by. them, is.the line of our power, or the line of our reac 
yarenas Pigs, ‘ to, be difpleafed i in conte. 
“ quence of what has taken place,” to be 
or: 


*Tars ‘is agai De M Moon’ $ that ix the’ ge- 
nitive denotes motion upon, and with the accufative, motion diretted upon ; here it - 
has the latter fignification with the genitive. The fame thing holds i in “ays ‘other « 
in the beft and accurate Greek, 


| 
| 
| 
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Aor objege which, the difpleafure, couches, or adheres to,—the 
that have happened.’’ ‘O isi. Qquosion Avyon, “ the 
“ officer over the. public. accounts,”—‘. the perfon fo occupied, 
“ —that the public accounts are the touched or. 


** to in his occupation *,”. 


dures eat | 


Who fongs a as an at feftivals, at ¢ con- 
vivial entertainments, and at feaftings,””—* fongs,—objec or 
event which they: are made to adhere to, ace 
company,—feftivals and entertainments.’’ 
Ir would be tedious to go through the multi tutibide quota- 
tions brought together by STEPHENS and VIGERUS, as ‘various 
meanings of é#i in the Greek writers ; all. of them may with 
Tittle difficulty be refolved, either in a dire or fecondary fenfe, 
into the idea of being prefed, adbered to, 
or fome equivalent circumftance, 


‘In tracing the origin of zara, a difficulty occurs from the 
want of a radical verb, correfponding ‘properly: in fignifica- 
‘tion with the fenfe of this prepofition. ‘The difficulty, however, 
is removed, when we’ take into view the fyftem of cognates, as 
‘evidently found ‘to exift in the Greek ‘language t. From the 

eee, Pernars, in this and fimilar phrafes, there is a reference to the fecondary 
fenfe of iss, “to handle or work upon,—hence to manage ;—the {ame feems to 


hold in {uch expreffions as ini ris wérsec, the governor of the he who 
“ is fo placed—that the abject. handled or managed by him is the city.” fe 


+ Some obfervations on this fubjea have Been thrown $ into an ‘Appendix, be- 
ing too long for a note, 
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primitive roots, one fignification belonged to verbs. where the ra- 
dical ‘confonant -was, the ‘fame;: though vowels were: varied. 


That thus, for inftance; thé roots originally denoted 


the fame idea, though, in:the progrefs of the language, the tia- 
ces of one.ofithe roots: might be loft. ..Now the verb 
evidently. have been the:prefent indicative attive, whence the de- 
fetive verb in common ufe, Kawa, “ Iie,” originally. was 
formed, this laft being the perfect paflive, with the augment 
omitted. “Upon this analogy, xew, and of conrfe its cognate xaw, 
fignified to /ay;.or lay down; and a verbal; ‘noun, proceed~ 

ing from. this: root, had. originally the. literal meaning of Jaying 


place,. lying place, or: place where an object -was. or, laid: 


down., This fenfe we fhall find it ftill retains, in:its d 
plications, 3 in the form of a prepofition. “ 


“ the point D,”—“ the line is cut,—laying place, or Plage where 


“the cut ies, the point D.”’. ro K,. (Ev- 


CLID), let them coincide at let. them. 
¥ ‘ where the coincidence Ties, —K.” 


rt 


‘We or ‘plate we were thick 


Thefe things we'will divide among —* thefe thiiigs wwe. 
will divide,—place'where the divifion lies,—them.”’ Kare Bo- 


ela» “ ftanding or fituate toward the: north 


“ fituate,—point/ where the fituation lies, —the north:”’ 
Tris fenfe of xara cotrefponds. precifely with what is 
attributed to it when joined with: the accufative, viz. appo/ition ; 


‘ 


| facts eftablithed by this! fyftem;::it is afeertained, that in thefe | 

erent ap- | 
| 

| 
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and) if: juftly analyzed; the fame will be’ fourid! to. hil when 
it is joined with the genitive;! though, ‘with 

commonly faid to exprefs’ oppojitions:: Thus, oxox 
“to fhoot at :a: mark,”’—“'to fhoot,—lie: of 
fhot,—or :place ‘where the was’ made to lie,—the ‘ma 

Fn thofe:cafes: where xara falls to be tranflated ar nel 
not in the eri 


bet, “TS fall againft the ground,” — to fall,—lie or dire@tion Of the 

“ fall; —place where the falling lay,—the ground.” But in moft 
inftances where xara occurs pend no 

tion is intimated.” Thus, 


was where i its operation eyes.” 
’-Fxom ‘this primary fenfe of zara, two fecondary fenfes appear 
to have branched. In the firft’place, any thing laid down evi-._ 
dently occupies a certain fpace,.in the fame pofition or direétion 
with the objet upon which it lies. Upon this idea, xara came 
frequently tobe ufed to exprefs the line along which any thing bas 
its pofition, courfe, or direCtion.:: Hence’ it may frequently be ren- 
dered along. Eios xas’ he goes along the moyntain,”’”— 
“ he goes—diredtion of his ‘going,—lie ‘of ‘his’ courfe,—the 
-mountain.’’ 44 “Ee ROTO 008,. or. they 
“ come along. the road,”’—-“ they: come,—direction or lie of their 
coming,—the road. Kare. Te to fufpend 
along the, wall,’— to fufpend,—direGion in which the ob- 
ject, was fufpended, the wall. _By the obvious analogy be- 
tween place xara’ in’ this mode, of application was 
| 


| | . 
| ‘ 
| 
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cular period.’ iq Howol vhed 


Kare | ANACR. 


“T wander during the night,’’ a ai wander along the period of 
night.’?: Sometitiies, too, ‘by an exfenfion of this fignification 
to modes of rélation’ cathe to Be ‘to detiote according to, 
that is, in the fame ‘direction “with another. dxbia re xri- 
cuvros, (Coloff. iii. 16.), according to the’ ‘image Of the’ maker,— 

“ formed onof ’thé*form,—the image of the maker.”” 
The Latin’ prepofitiot’ cortefperiding to this was fechndum, evi 
dently the gerund of and fignifying following. ‘The 


gy inthe formation of the prepofitions in two’ lang was 


vite, was down. °° This application of thew arofe, dither, 28 

Dr :fappores, ‘becanfe' Being the ‘fatural 
which bodiés take wher’ left to ‘thettifelves, thé word: ‘which de- 
noted was! applied“to fignify this natural ten- 
dency or, what is fally'as ‘probuble, vt 


laid dowit, the lowelt pofition which i 


In whichever of the two ‘ways it happeinedy it ‘is certaiti that a 

very of ‘to ‘fignify down.” kaed 
whe ruthed down the herafhied’ down) place 
“where the thoveitient Jay,—the — 

bodies take tb themfélves,”~ or that’ ‘which’ puts 


“The bla ck ‘blood’ flowed them | to round, ‘the 


“ blood flowed,—place where the movement ,—them,—di- 
VoL, V.—P. II, Yy \ retion,— 


| 
| 
| 
i 
i 
| 
i 
| 
| 
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 rection,—that which bodies take when ‘left.to:themfelves,— 
“or that which puts a body in the loweft place it.\can o¢cu- 


66 29 


1s ‘one of the affume:. figni- 
fications apparently | fo remote,, that, at.firft view, it is, not. 
eafy to reduce them to one radical fenfe, however confidently 
we may reft upon, the principle, that there muft have been fuch 
a radical fenfe,, from which the, different: fignifications branched 
out. Mere, it is well known, is, commonly, ufed in three differ- 
ent meanings ; with the genitive denoting with, with the dative 
former is fufficiently obvious ; but the of. either of 
them with the, third feems, at firft, unaccountable, ... Upon. exa- 
mining, the word, however, by, the. principles of etymology, 
perhaps: this. apparent incongruity. may, be accounted) 

Mera appears to be an immediate derivative from, the abfolete. 
| verb £03 a verb. i in common ufe in Latin, though.in great 
meafure difufed in Greek Mara, being. thus an. immediate. de- 
fcendant from a verb fignifying to o,or ‘travel, 3 its primary, fig- 
nification, moft probably was way-pyf, a way-direttor a fenfe 
nearly the fame with what i it ftill retains in Latin, meta, a goal. 
From this fenfe of way-pott or, would foon be 


‘ 


ever - kind. this might be. Onur own word guide. feems to. 
been formed by a fimilar analogy. Tt, is guide in Italian, and guia 
in Spanifh; which laft clearly demonftrates the sar of the 

whole to have been the Latin word via, “a way.” ~~ 
EXPLAINING then, by guide or. conductor, its different 
ufes may, be eafily refolved. With the genitive it. denotes a con- 
ductor or ‘guide who accompanies us, or whom we accompany ; ; 
hence 


| 
| 
| 
| 
| 
| 
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hence itis ufually tranflated with, With. the accufative it de- 


notes a guide or conductor, who goes before. us,-or whom we 
follow ; hence it is ufually rendered after *.. With the dative it 


denotes a plurality of conductors, and that we are between or | 


amidft them ; it'commonly ftands:for' among. Thus the 
three fi pnifitaions: of with, among, and: after, take their rife ; 
agreeably to which we may analyze a few of the cafes in which 
explanation. 
1. Mera, with the with. ‘Thus, 
were “to do injuftice with PLaTo;”—“ todoin- 


‘Their. manes were fhaken with’ the wind; tianes 
were Ahaken,—conductor the wind. Mo cs 
“ “to engage in the conteft with 1 us, or on our fide,” 
“to engage in the coniteft,—conduétor in the conteft;—us.” 
‘O avrov, (Luk. x. 37- he’ that: fhowed 
“ meréy on hit,”—* that fhewed mercy, —guide or of 
the channel the mercy’ ‘was to flow, him. 


Ir is to be obferved, that,’ between a ‘gilide or 


whom we accompany,” and a mere companion in the way, the 
difference is very often hardly percéptible. ‘It was very natural, 


therefore, in their mode of “applying perc, ‘to flide from the one. 


to the other. ‘with ‘the genitive, in’ 4 vatiety of in- 
ftances, denotes little. more than a mere conjunction, or accom- 
the of guiding or peng Grown 


the comimon, is nat the. 1 fans with accu- 
fative ; fometimes, with this cafe, it fignifies the fame as with the dative, Bdesgey 


i 
| 
| 
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into the fhade. mer” wire coPeorune, 


“© temperate with: fortitude, and :brave: with temperance/’?— 


temperate,—companion, fortitude,—and' brave,—companion, 
“ temperance.’” To AEK re KZT 
the triangle AEK, with. the triangle. the! 


2. Mere with the dative, Shing or 


Mera xparcios | 
“ He was bufy among the foréinoit;"— hé wae bufy,—conduc- 


~ 


will devour Noman. the. Jatt among. affociates,”"— 
will devour Noman ‘OF. ‘companions, in, de- 


ftruation, —his affociates,” ett Tor, ay. tevoraro, he 


caught between the, hands,”—“ he caught him,—guides 
in ing him, oF abjects, either fide. ‘of, hands. 


or among. the: wayes, to ‘die, 


thi 


4 


the hor{e,—and after ‘then followed a. “doud of foot-fol- 
“ diers,’—“ firft the horfe,—and a cloud of foot-foldiers follow- 
(ARCHIMED.), the’ eight” after’ the eight’ coming,— 
(PLATO), 


{ 
d 
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(PLATO); “ to come after the war,” to come,leader or pre- 

“ deceffor in point of time,—the ‘war.’” Mera civ. 

ga o (LUK. xxiv. 29.), “ after ‘the tribu- 

“ Jattion of thefe: days: the fun fhall be darkened,” the fun 
“ fhall be. preceding this: tri- 


“What chiefs there are among the ‘Gréeks! even after Acutt- 
“ Gwhat’ ehiefy there: -are,—perfons “attending them, 
“ ceding them,—-AcHILE 

any object we are porfuit’ of, and” to obtain, may 
with great propriety be: ‘faid to be'the conductor that‘ we follow, 
with the accufative? is’ often to fach an inten- 


A 


“Who. drives me in purfuait of vain quarrels and contefts,’”— 
“ who drives me,—object to which I am. ‘espa which I am 


ri ort | 


Lad 


Negus: married,—-object of his in ob- 


owas gone’ the. aay ‘towards ocean, 


‘the: virtuous: Ethiopians, : ‘to hold feftival,’"—“ Jur1- 


“ TER: 


a 

= a’ 

i 

| 

| 
| 
4 
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PERO Was: gone,—condudtors in refpe@ ‘to, place,—the Ethio- 


feftival.” 


Mere having often the ferife of frequently tha 
fenfe tothe words with which it is joined. in» compofition. 
thus, in many cafes, comes to exprefs a change: having’: aia | 
place, an event different from the one that preceded it. Nota, 
confider.’? “ after one mode of thinking I'po to 
another,—I change my mode of thinking,—I repent.’? . Ti#nui, 
place,”” Meraridnus, “ after having placed the: objects in-one 
“ mode, I pals, to another mode of placing them,—-I tranfpofe.”’ 
When pera in compofition denotes participation, this i is nothing 
more than a transferring of its other fignification among. or with. | 
"Exe, “1 have,”’ “ T have along with,—I. partake.” 

‘Wuetuer alone or in compofition, therefore, werd iepents. to 
be always a fubftantive noun, denoting — conductor, or 


to by the mot: accurate Greek gramima- 
rians, that the radical meaning of #ogd; in one modification or 
other, is defides. This, I think, brings us pretty near the primi- 
tive idea which it was ufed to exprels. LinnepP derives it from 


adjective before ; and ScHEIDE, both ot and xapos, 


frorn the. verb raw; to prefs. Both thefe, however, appear rather. 
wide of the proper fenfe of the prepofition. Tluge in fact, “ap- 
pears to be an old fubftantive noun, ‘denoting’ precifely ine or | 
flank. \t muft be admitted, that no direct examples of wad, in 

this form of a noun, are to be: found, at leaft T have not been 
able to meet with any fuch; but ‘the fenfe of the word, when it 
occurs as a prepofition, whether by itfelf or in compofition, fuf- 
ficiently indicates its original fOr ; and though, as a noun, it 

does 


\ | 
| 
| 
| 
| 
| 
| 
| 
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does not itfelf occur, yet in fome of its immediate derivatives, 
traces of the fame fignification ‘remain. »< Thus; ta Greek, we 
have waged, a a cheek, and in Latin we find the adjective par, 
“equal,” both evidently defcendants from this root ; the foriner 
denoting the fide'parts of the head, the ‘latter ‘an object corre- 
{ponding fide for fide with another. _ As, therefore, the Englith 
prepofition be/. ide, is nothing but a contratted form of being fide, 
that is, being the fide of an ‘objet ; fo the Greek: prepofition wa- 


ec, befide, may juftly be fet down as a noun fignifying fide“ or 


flank; and from the different’ afpedts under which'an’ object may 
bé viewed, as occupying ‘the fide of. another, the different appli- 
cations Of raga take their rife, | 
In the mathematical writers ‘this is plain. ry 
por ‘nagatardr, (Eucrip ), “to ‘conftru a 
arallelogram upon (as: commonly rendered) a ‘given, {trai ght 
‘conftriad ‘a parallellograri,—fide of ‘ity—a’ given 
te ftraight line.” “And in compofition, ragaKrnro- 
“the complements of a parallelogram,” as ‘eommonly reni- 
dered, mean exactly the fide fillers. . 


In writers of a different clafs the fame meaning appears. Ke- 


Rolo: daw fits’ befide daw, — 
daw fite, fide, bowory eaw | doutw £10 abi Nye 


stl 2 
“ The which “Formed. beSde. the — 
which was formed,—fide-or. flank :of .the> market-place,—ob- 
which the market-place was, flanked ug 
AL “Bi 


| 
| 

he 

| 

| 

7 

| 

| 

| 

| 

| 

| 

i 

| | 
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He went in filence, befide, the Shore ‘of the far 

he Pf his, courfe, the: far Felounding 

From. chi radical meaning of the, ‘Was ort 
and eafy to apply i 1t-to, exprefs. a particular Side or party, when 
any oppofition was. fpoken, of, Vives 
“to go over to "to go—fide | to 


rig (DEmost.), “ there i 18. alfa: ‘fome experience on my 
fide,’ there is fome experience. alfo, —fide 

ANOTHER tranfition, perhaps. equally eafy, was to apply. 
in exprefling fome: particular taken of an ‘objed. Here, as 
before, the, idea is derived from fia de ithe fubjet. being fuppofed 
to, have feveral fides on which it May. be viewed, and the one 


fpoken. of the particular one in view. ; 3,88)»: 


a god for. she greatnefé of my. actions,’ — 
—fide on which I was viewed .greatnefs of. my ace 
“ tions.’ 

Ir was natural, too, to:apphy rapa; when contraft or compari- 
fon in any manner to be. denoted; the two objects | 
ed being confidered as placed fide by fide, for the. PI | 
more accurate obfervation. Tlaga ra 6 oivos 
RISTOT-),,“ wine fweeter contrafted. with. bitter things,” — 
Wine is fweeter, things being fet its fide,’ 


Argos” of boating befide the 
“object fet by its fide—the other Grecians.”? 


| 
| ‘ 
| 
| | 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
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rape rig vive ron (Pfalm 2.), “ fair among the chil- 


“ dren of men;’*-—“ fair children, 


“men”. 

WE find applied in. two “Gifferene which at 
firft fight might be deemed: -oppofite, but; rightly. explained, are 
found to accord: ...It, is ufed.fometimes. to exprefs that a:thing 
falls fhort of, fometimes that it goes beyond, the. object with 
which it is connected. Teeeagénorra wage piav, (2 Cor. xi. 24. )s 
forty bating one,’ as far as one on this fide of forty *.”” 
Tlaga rov morapor they fled beyond or to the farther fide 


“ of the river,”—“ ‘fide: where their flight terminated, —the ri- 


“ver.”’ Tlage, : in both thefe cafes, radically means at the fi de of, 


and nothing more ; the particular fide, whether Nearer or more . 
remote, being left to be from the connection, of” the 


fentence 

Witu the genitive, pare frequently, hot | uni- 
verfally, i is made to fignify from at, or from befide an objed. Te 
coming from. befide the. king.” in fuch 
phrafes where it is evident a complex fenfe is affixed. to. the 
word, I fufpect, a compound. prepofition has original; | been i in 
ufe, viz. wagsx, a prepofition ftill frequently met with, and ex- 
actly exprefling this idea. By degrees, it is-probable the ex came 
to be dropped, the meaning in moft cafes, being fufficiently plain 
from the connection. Such omiflions may be found in every 
language, ‘and, to thofe accuftomed the idiom, they gccafion 
no ambiguity. 

in ‘compofition frequently denotes fome deviation from 
the exact idea exprefled by the connected word. I 


* Tuts, heliewe; however, is a not ‘common. ° 


Duas fignificationes contrerias patitur, favs et infra,” 
but does not attempt by any explanation to reconcile this apparent contradiction, 


| 
3 
i 
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retkon ” reckon falfe, ‘mifreckon.? The 
idea here is plain: the primitive word is fuppofed’to mark @ di- 
rect courfe, and raga, fignifying /ide, marks, that inftead: of 
holding ‘this direct courfe, the ‘perfon goes toa fides 
WE find, ‘then, rege, in all its: different applications, retaining 
its origirial meaning of a # in 


| bia 


Tuts isa of more “uniform and: application 
than the preceding. “Tt is evidently an immediate cognate of mt 
ems, a boundary, and I fhould’ Lconjedture i it to be the dative of this 
very noun, contraéted ‘from wears and wigas tO Its precife 
meaning, therefore, is circumference, a word equivalent to entire 
boundary. Hence, it is eafy to fee, how augi and xegi come to 
have nearly the’ fame fignification ; ‘the former expreffes the abjedt 
contained; the Tater,’ correlative, ‘the containing ‘boundary. 
Tiegh, therefore, may be rendered, in n general, circumfer ence or Lea | 
dary, or bounder; 
| Ir i is s thus that the fenfe of it is to be refolvdd. 


Round the den,” “ bounding or den.” 


ad) 


“He put a tunic round his breaft,”"—“ a tunic, forming 
“ the of his breaft.” 


“ The dew diftils round: the rofes,’?—“ the dew diftils,—a cir- 


“cumference to the poles,’ a circumference to the 


of 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| ill 


GREEK PREPOSITIONS. 353 


“of parallelograme round the diameter,’’—" parallelograms,— 


“‘ boundary of the diameter/~forming the boundary of the dia- : 


“ meter.’’ teiyavdy xvadov (EuCLip), “ to de- 
“ {cribe a circle round a triangle,’’—“‘ to. defcribe:a circle,—a 
“ circumference or poundary of the triangle.” 
THOUGH and as commonly ufed, are almoft fyno- 
nymous, yet we fometimes. find the poets,.to make their expref- 
fion more copious, join both. prepofisions with the fame noun. 


£34 


were the. and the Siegen 
“ altars,’’—“ we were facrificing,—place comprehended by us, 
“ . the circumference of the fountain and the facred altars.” 

Tlegi, fignifying circumference; or boundary, is fometimes ap- 
plied to denote near; the furrounding objeé, in this cafe, being 
fuppofed to G0 about the other without precifely touching it. 
"Exiare ro dvdeor, he fell near the he —in the 
_“ fpace bounding or boundary of the tree.”’ | 
Ir is chiefly when ‘applied’ to time that this laft fenfe of. rept 
OCCUTS. “ he came about noon;”— he 
“ came,—time in which his coming 
“ rounding noon,—not actually at 

IT was by an eafy and obvious tranfition from the radical 
fenfe, that ree was made to exprefs concerning or about a fubjed, 
meaning the fubjeét which ‘the thought or the difcourfe com- 
prehends or forms the boundary of. jy, 
(Jo. vii. 12.);. “ they murmured much concerning him,”— 
they murmured,—the murmur comprehending him. 
worse (THUCYD.), “to be afraid for or concerning 
“ the city,?— to be afraid ,—objeat which the fear or 

comprehienided, —the whole city.” 
Zz2 
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- Teg) fometimes, both fimply and in compofition, denotes /upe- 
riority, plainly from the idea, that the object which forms 2 
boundary or to mutt of it 


or 


Tt is the comprehenfion of 48 eis 


“it is capable of going round,- and exceeds: the 
on. of mortals.” 


ca oad circum expreffed the idea of round or round about. 'Thefe 
are both nouns, — fimutar 3 in their force and ——— to 


Teh. 


is by Lixwer to be the fame with and by 
ScnEipE to be a part of the adjective xaos, before. The former | 
appears evidently erroneous, the .two prepofitions, though fo 
nearly related, in found, being in fact very different, as, we thal! 
find, both in origin and meaning. - The latter. idea, however, 
that is a part of contracted, feems extremely probable. 

The adjetive fignifying properly..fore, is ftill in ufe. In 
| fpeech this word, like many others, might fuffer an abbrevia- 
tion of the firft fyllable, and. be pronounced eds inftead of xé- 

From this contracted. Adjertive. we. have: the, comparative 
prior, and the fuperlative contracted. i anto. 0%, 
foremoft or Of this adjective. the prepofition .ap- 
pears to be. the dative,. fignifying, therefore, with.a-fubftantive 
underftood as in other inftan¢es, the fore part, fore obje, or ob- 
ject in front 5 and_as it was always followed bythe _genitiye cafe 
of the fucceeding noun, and:the genitive cafe in. Greek has ufu- 
ally the fame force with the particle of in — viz. /pecies or 

hind; 


‘ 
| 
| 
| 
| 
| 
| 
| 
| 
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hind, the Greek prepolicion denotes precifely fore in ren 


Jpect to. 
Tuus we find, in refped he 


ftood before: the door;’’—* he in: | 


“to him,-the door.’ 


“ before the war,”—": it a ‘there ‘event 
“ refpect to the war.” 
In refpect tO preference, . > bie 
“ fore richés,’’=—“ virtue, an object in feleétion: preceding riches,”’ 
In refpet to defence or protection. Tigo welder 
voinav wayectas, to fight in defence of wives and children,’’— 


“to fight,—being the front in refj to your wives and 


“ children.”’ 

In. transferring: this the Greek, the 
Latins have, been fo accurate .as to form two prepofitions from: 
the primitive adjeCtive.; ‘pra, derived from the,feminine xg; and 
retaining the. literal meaning. of fore or before ; and Aro, derived. 
from the mafculine or neuter, ufed chiefly in the fecondary, 
but more. to the. for; on ace 
count of. 

I may add that our. Englith prepofitin appears: 
to have a, Gmilar. origin with the Greek ago. In the "Essa 
indeed, a. different. fource is afligned to the Englith 
for ; it is faid to be an abbreviation of the Saxon farina, a cau/fe. 
Had Lord Monzoppo or Mr Harris afcribed to it fuch a ge- 
nealogy, how would Horne Tooke and Dr Beppoks have ri- 
diculed the fancy of originating a prepofition from the abftract 
and metaphyfical idea of caufation. In faét, this derivation 
is far-feeched,, and it, evidently. required no {mall ftraining 


to twift fome of ‘the: applications of for into the line of caufe 


and "Without: fo far, a ‘Plain and obvious. 
| origin 

* Tuus,—“ This:may do for: once). but. not for. once,—or cau 
“ever,” would give hardly any fenfe. ‘It is good for nothing,”’-what mean- 
ing. 


| 
} 
| 
| 
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origin of it may be found in the word fore ; and upon examina- 
tion I think it will be found, that for in Englifh, and zo in 
Greek, and pro in Latin, as well as the German vor or fiir, means, 
in its radical fenfe, pofition before ; with this difference only, that 
in Latin, Englifh, and German, the word denoting the fore ob- 
je@ generally follows the prepofition, but in Greek precedes it. 
In Englith, therefore, the prepofition for may be always taken as 
meaning fimply odjec?. Subftitute objec? in all the phrafes in 
which the author of the Diverfions of Purley has put cau/e as the 
- meaning of for, and it is eafy to obferve how naturally and ex- 
adily the fentences may be refolved. 


IIgog is evidently a prepofition of very extenfive application, 
and in inveftigating its original meaning, a variety of opinions 
have prevailed. Dr Moor refolved it into go and és, and fup- 
pofed that it denoted properly in the fore pace of. ScHEIDE 
afcribes to it a meaning fomewhat fimilar, deducing it from +a- 
206; before. Both thefe derivations, however, are unfatisfa€tory. 
In fome of the modes in which eos is ufed, the idea of before 
may indeed be traced; but, in others, it cannot, I think, with- 
out the moft violent {training, be difcovered. It will be necef- 
fary, therefore, to look out for a different origin, and one carry- 
ing with it an idea more confonant to the fignification and ufes _ 
of the prepofition. This, I think, can only be found in the 
noun 


ing could here be afligned cau/fe, nothing ?’’ ‘‘ He is tall for his age,’”— 
*“* caufe, his age,”’ would denote fomething quite different from what is intended. 
“* For a good harveft, a good fummer is ne¢eflary,”—* cau/e, a good harvett,” 
would completely invert the meaning, making the effect the caufe. “ He lived 
“ there for twenty years,”—“ cau/e, twenty years,” would be unintelligible. In 
thefe inftances, taking for to mean object placed before, or obje in view, the fenfe 
is obvious. The fame may be faid of fuch phrafes as the fol..wing: “ He isa 
** good man for ought I know,”’—“ he is a good man, —od7eé, or put in objection, 
“* ought I know,”’ an eafy and plain refolution ; whereas, “ cau/e, ought I know,” 
would be extremely forced, if not altogether unmeaning. 


we 
j 
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noun reens, a@ termination, limit, or terminating boundary. ‘This 
noun in the genitive forms zegaros, which, according to the com- 
mon analogy and practice of the language, would be gradually 
contracted into wegaos and wegas, and laftly abbreviated into seas 
or xeoc. If this deduction be correct, (and I think it bears the 
marks of truth), the radical fenfe of the prepofition zgo¢.muft be 
exactly termination, or terminating in. From this idea all its dif- 
ferent fenfes may naturally be traced. | ae 

In the mathematical we find. retaining its pri- 
mitive meaning. ‘As 77 yavies, (Eucuip, L. 1. 4+), 
“the angles at the. bafe,’’—“ the angles;——termination,—the 
“ bafe,—terminating 1n the. bafe.””. Ta Theveay 
views, (Euciip, Lib. 1. pr, 26;), “ the fide betwixt the equal 
“ angles,” (as.commonly rendered), “ the fide,—termination,— 
“ the angles;—the fide whofe. terminations are the equal 
angles.’’ [gos ras car xuxrwy 
(THEop. Lib. Bei)y fs: let. ftraight lines be drawn to the periphery 
of the circle,’’—“ Jet {traight lines be drawn,—termination,— 
“ the periphery of the circles.” 

THE application of zgé¢ to other fenfible objeds, is refolvable 
ina fomewhat fimilar n manner. 


nis Kages. “HomER. 


The Carians at the fea,” the Carians,—boundary the fea, 
“ whofe country 18 bounded 


“ He ftill continued flying towards the city,’’—* he continued 
flying,—termination of his flight,—the city.” 


“ Thofe to the north are paffable for men,’ —“ thefe,—termina- 
wire 
tion 


-? 
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* tion the north, “ boundary, —the north, "—are 


for men.” 


work 


« The waves dafhed the fhips againft the dafhed the 
ao fhips,—termination or terminating point of the dafhing,—the 
 pocks.” (Acts ix. 5.), “ to kick againft 
“the fpikes,’’—“ to termination of the action, —the 
“ fpikes.”’ 
From fenfible objeets, was to objects of dif- 
ferent defcriptions, where the original idea denoted by it was 
meant to be expreffed or Ov (Isoc.), “i 
“* does not belobg to you,’’—“ it is not a thing ‘whofe termina- 
“tion is you.’ Ov THY TH 
néives, (XENOPH.), “ they do not reckon vittue for their good,” 
-—they do not reckon virtue as terminating in their good.” 


Tl e0¢ Aide es. HomMeER. 


All are Jove,”—as commonly. rendered — “all refer to 
Jove as the centre in which they terminate.” avdeay 
Thy Ov (DeEmost.), “ having relationthip 
“ on the male, not the female fide,””—“ having his relationthip, 
termination or boundary,—point to which it is to be 

“ ced back,—the male, not the female fide.” roig eonutvois, 
‘in addition to what has been: faid,’’—“ boundary or termina- 


“ting point to which the fucceeding remark reaches,—what 
“ has been faid.” 


afflictions along: with. diferacen: he endures 
“ affiGions 


| 
| 
| 
| 
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afflictions point,—point to which they reach,— 
“ difgraces.’’ 

We find =eés frequently applied to denote that one object is 
affected, regulated or governed by another ; becaufe, in the re- 
gulating object, we find the boundary which limits and defines 
the idea in view. ‘Eav xewrov devrspov tov aurov tyn 
(Evcuip), “ if the firft have the fame ratio to the fecond,’’—“ if 
“the firft have the fame ratio,—defining boundary of the ratio, 

“—the fecond.’’ xgog ro (Luke xii. 47.), “ ha- 
“ ving acted according to his will,’’ oi! having aéted,—bound- 
“ary or limits within which the action. was confined,—his 
“will.” | 

In this manner may and as it appears, 
be traced through all its applications to one determinate idea. 

In fupport of the opinion now ftated, that boundary, limit, or ter- 
mination, was in faé the radical fenfe of this prepofition, 1 it may 
be added, that among the moft ancient Greek writers, the poets, 
the word ror} was ufed.as fynonymous with weds. This is com- 
_ monly faid to be according to the Doric dialect; but fo great a 
change of the word does. not, I think, fall within the ufual rules — 
of formation of that or any other dialect of the language. The 
real caufe of the interchange I fufpeé to. have been, that zozi 
and xpos, though two quite different words, came to have the 
fame meaning affixed to them in the following. manner. [lgé¢, 
as we have fen, ' is a contracted cafe of xigas, a termination or 
boundary ; sori, again, feems to be juft the Doric dative of zs¢, 
“the foot,”’ for x0di, agreeably to the common analogy. of that 
diale@. That the word. fignifying the extremity of the human 
body fhould be extended in uie to denote a termination in gene- 
ral, was perfectly natural, as it can hardly be doubted, that in 
many inftances. the names of the parts of the human body were 
transferred by analogy to exprefs the different forms of pofition. 
in fenfible objects of every defcription. 

VoL. V.—P. IL. 3A 
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Si», in regard to its application, i is sone of the Gnple 0 of the 
Greek prepofitions ; its radical and primitive meaning being i in 
every cafe eafily’ perceptible. “Ts” origin appears to be in the 


verb ov, to few, or to join together,—a verb which though obfo- 


‘lete and out of ufe in Greek, being fupplanted by the fyno- 
nymous word pézrw, has, however, been retained unchanged : in 


Latin, a circumftance which ‘warrants the inference, that in the 


earlier ftages of the Greek language, when: the Eolic, the i imme- 
diate parent of the Latin, was the common diale@, ‘co, in the 
fenfe of joining, was in general ufe. Of this verb ctw, ovy feems 
to have been a contratted participle paffive ; and thus in its radical 
meaning denotes joined, object or circum/ftance joined, the analogy 
being. the fame with what has been fhewn in the “Ere Iss- 
gosrra, to take place in regard to the Englith Prepofition with, 
a part of the verb withan to join. 7 

“From this radical fenfe of oi ovr all its various ufes naturally take 
their rife, all of them ‘implying junction i in place, time, or att- 


ing. ook (Fobn 3), ‘we come “with 
“you,” we come,—object joined,— —you.” THs 


ou (Evcxip), the f{quare ‘déféribed by | the 


whole’ line, together with the | part added,” —“ the whole line, 
~obje joined’ thereto,—the added part.” Sov TOG 
‘together ‘with ‘all thefe’ another misfortune 
“happened,—* ‘another misfortune happened,—circumftance 

joined, —all thefe before enumerated.’ 
“he went away i in time of fupper,’*—* he went away,—event 


in time to his going away,—fupper.’ 


tend 


"Drag there 3 ‘Arostow. 


“With went Hyzas.’ ‘went,—perfon joined 
: him.” 


| 
i 
} 
| 
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“him.’? ov oo) would fight with your aid,” — 

I would fight,—perfon joined to me; in 
“ him divine authority,’”’— that i it’ was 
“ ftance joined —drvine 


‘ai 
¥ Trig. 


-Thefe. are. evidently. derived from the fame root, and 
in their radical _fenfe denote. the fame idea, though, by a dif- 
ferent mode of, applying it, their common acceptation has the 
appearance of beirig nearly to each other. The origi- 


jective, though fallen into difufe, there are many immediate de- 
rivates and cognates to be found : "Yzoe, bigh or fublime, height or 
elevation |; “Spares, lofty; and dire@ly-arifing from: the primitive 
word, the comparative contracted - front: higher, 
and the fuperlative conthacted-from Srorarct, bighe? or /u- 
preme. From the’ comparative prépofition trie, 


tion was fimilar ; over being the comparative of the adjective op 
or ob, afpirated into di: whence by & ie tana formation came the 
‘Yate, then, appears to originally one object 
was bigher in’tefpee of, or:in-comparifon withanother with 
which it’ was’ “connected ; -and,-in this cafe, the:noun to which 


the radical force of the prepofition refers; is the one that precedes 


it in the fentence, differing in this-from moft of the ‘other: pre- 
pofitions, and in particular, as we fhall immediately fee, from its 
, which generally refers to-the one that comes after. 


Taking 


Tue two femiaining in Greek are and 


nal of both was the adjective uzoc, fignifying bigh. Of this ad- 


radically denotinga bigher hence: commonly. to-ex- 
prefs placedl‘over another. ' The analogy of! the Englith prepofi- 


~ « 


eg 
| 

| 
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Taking then, as denoting finply higher in refpee of we: 
fhall find all its different ufes 
i. Over or above, in plate: 


“He ftood over his head,’”—* he ftood -—higher in refped of 
“his head,—higher than his head.” ‘Yate rav xnwov 
| {Heropor,), “the keeper lies above the gardens,” — Keep- 
lies,—higher i in refpect of the gardens.” 

2. Superior to, in point ‘of operation. Ta 7005 
Proverb the ‘things beyond or above us are no- 
“ thing to us,”— ‘the in regard to their 
than us, are nothing t tous.” | 


to fate,—controlling fate, “ higher in to 

“ operation than fate.” 

Beyond, from the ufual the fpeaker con- 
fiders himfelf as the.centre of obfervation, and confequently ex- 
prefles himfelf as if the more remote a place. was from it be- 
came as it were higher in the circle in refpect to him. Addbioriag 
1S Aiyurre, (Tuucyp.), “ Athiopia which is beyond E- 
“ pypt,”—“ Ethiopia, which is farther from the centre of ob- 
** fervation, ree bef higher in the circle, in refped to E- 
t. 29 

4. In defence of, becaufe, a shine: which defends co- 
vers it from ;aflault, and what covers is naturally. accounted 
higher. ‘Yate “I fight in defence of you,” —" 
fight: to cover you, in Agheing am higher than 
you.”’ 
In room of. In this application of unig, there i is an 


ellipfis of fome fuch word as sore, place ; vee here implying as 
it 


| 
| 
| 

| 
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it were over the place from which another is removed, the primitive 


idea of higher being ftill, though more remotely, retained. ‘zig 


Diaxova, he ferves in room of thee,’’—*“ he, ferves,—coming 


“ over the place from which you have been, inempustlarr oF which 
you have left unoccupied.”” 


6. Concerning, by a fimilar analogy to what ‘takes place with 


us when we fay, to think over, to talk over'a fubject, the thought 
or difcourfe being fuppofed, as it were, to cover the fubjeét thus 
thought or fpoken of. ‘Ova rig ws, (DE- 
most.), “ what he falfely charged me concerning the peace,"”— 
“what he charged,—fubject of the or going 
“over the peace.” 
‘Thus, in all the different applications of ii’ we find the ra- 
dical idea‘denoted by it is digher, in fome cafes more directly, i in 
others extended by analogy to exprefs fome particular view in 


which one object either is made to be, or is confidered as being : 


higher than another. 


In analyzing « baie, it was found to be the comparative from 
the adjeCtive Of this adjective the prepofition appears 


to be the dative, with fome common word denoting place or po- — 


fition underftood. In the application, however, of vxo and vate 
as prepofitions, the fignification of the two, though originating 
from the fame root, was reverfed; in the one cafe, the attri- 
bute being referred to the noun preceding; in the other, to 
its correlative, the noun following. In thefe, therefore, there 
is no contradi¢tion, but merely a diverfity i in the mode of ap- 
plication, High and low, above and under, are merely relative 
terms. When one object is ow or under in reference to another, 
this laft, of confequence, comes to be bigh or above in reference 
to the firft. Such a pofition of two objets, therefore, may be 
equally expreffed by faying, that the firft is above the fecond, or 
the 


and 


| 
| 

4 

7 | 


‘the fected 1s under the firft, In the prepofition the Greeks 
-ufed thé 'modé’of expreflion; in ithe :prepofition the 
other.’ Englifh: prépofitions by which’ we 
a fimilar analogy in'both cafes takes: place. | 
the adjective tzos, therefore, originally literally figni- 
fied high, the Prepofition txd has radically’ the fame-meaning, 
and to-this primary idea its various’ ufes ‘have ‘a diredt reference. 
and moft nfually, it‘denotes wader or below in 
| point of place, from the analogy: already explained. ' Kai cov imig 
yng ‘Yeveds, “ the gold. both above ‘and’ under the 
pround,’— the-gold,—higher in réfpect of thé ground, and 
the gold in regard to which the is 


4 They fat down together, ‘the ‘one above, the other below him, 
“ (Zeno),’—* they fat down together, in ‘fuch’a pofition, ‘that 


“the one was above ZENO,—and ZENO" was high—in regard to 
“ the other. 


y 


“Addo BY vm APOLLON. | 


“ He faved: one. fandal from. the ‘aud,”. faved : 


“ fandal,—place’ quitted, the’ fituation in which the mud was 
in regard to" it” 


“ It remained within, under the edges of the veffel,””—“ it re- 
“ mained within, in fuch a fituation that the edges of the veil 
_“ were high, or in a high pofition’ in regard a Ae 
By an eafy extenfion of this meaning, dxd came to denote that 
‘one objet was in dny way covered or hid by another. Kali ww 
(HERODOT.), “ he conceals him behind 
the door,”—“ “he conctals him in fuck a that' the door 
“ covers 


| | 
| | 
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covers him from. view,—confequently, .in, that. fenfe, may, be 
“ faid to be above or high in fegard to him.” 
_ 2. Iv is applied in fome particular cafes to denote a portion 
of time. The‘idea feems ‘to ‘have “been ‘expreffed elliptically in 
fuch cafes; fornéthing more than bare. duration: being implied ; 

an intimation, being. alfo. given, that the portion of time. fo 
marked out was.  diinguithed, fome, pr pr operty. condusive to 
the action..." | 


y? 


“ He came ‘under night,” wnder cover ‘night.’”' 
d¢ ux exors, “ he went off under darknefs, —" under cover of 
darknefs,”” Here, the primitive idea of is ftill difcerni- 
ble, though more. remotely. marked ; ; the _ Properties. which di- 
ftinguifh night or darknefs being reckoned the cover or pro- 
tector.of the coming or going off. By. a ‘fimilar_ analogy. arifes 
our Englith expreflion under night. 
fometimes exprefles the relation of Superiority ‘fub- 
conneétion with the Primitive idea is here perfect- 
ly obvious. . tyevero, “ Egypt came 
under the government king,” Egypt came to be 
“ again in the fituation jn which a king's was the high | ° govern- 
“ ing power:in the ftate,’” y Thégonaw tsi HEROD.), 
“ Egypt is under the dominion, of the: » Perfians,””— “ Egypt is in 
“ fuch a fituation that the Perfians are high in regard to it.” 
"Eyov ox’ tuavrov searswras, (Math, viii. 9.), “ having foldiers un- 
“ der me,” —‘ having foldiers.in fuch a ftate that I am high in 
“ regard to them.” 
4. ‘Yo is not unfrequently applied to denote the agent, infiru- 
ment,-Or direéting ¢caufeof an This application probably 
arofe from the ‘idea; that asin the'agent, inftrument or directing 
was plainly implied fome fort or dominion 


. ‘ 


366 DISQUISITIONS the 


over the action, thefe fell, therefore, to be viewed as the. fu- 
perior or higher objects i in 


“ All the earth, and heaven, and fea, were put 3 in commotion un- 
“ der the force of the onfet of the immortals,”—“ the onfetzbe- 
ing the acting or the higher in 
“ regard to the effect.’’ 


“ They lay dead by means of,—or under eh force gf—furious. 
“ lions,”’— the lions being the caufe or inftrumients of the 
“ death, the power whence the death originated, —hence the 
higher power in relation to it." ‘Yxd to 
“ go into banifhment by the fentence of the judges,"—“ to go 
“ into banifhment,—the judges being the prefiding power,— 
fuperior power in regard to that "Arobauvay 
tiv worepiov, “ to fall by means of the enemy,”—“ the enemy 
“ being the fuperior power in relation to that event.’ — 

IN all its various applications, then, we find iad a noun, re- 
taining its primitive force; in fome cafes, it muft be owned 
more remotely, but in all fufficiently plain to enable us to. trace 
it by the principles of me grammatical mary” 


SuoH, then, are the various prepofitions in Greek, analyzed 
according to what I conceive the true principles of philofophi- 
calgrammar. Intl — urfe of the inveftigation, it may be ob- 
ferved, no great weig. . has been laid on the particular cafes of 
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the nouns with which the different prepofitions are joa and 
which, in technical language,.ithey are faid to govern. In lay- 
ing down the grammatical principles.of the language, this is un- 
doubtedly a matter of fome importance ; but in inveftigating the 

origin and radical fenfe of the prepofitions, little light, I appre- 
hend, can be derived from that circumftance. Even in regard 
to their fignification and ufe, it is,far from being a certain or ac- 
curate guide. Dr Moor has indeed conftructed an ingenious 
theory about the mode of their, application, deduced from the 
cafes they are found to govern ; but the principles of this theory 
are in many cafes contradiéted by the ufes of the prepofitions in 
the moft accurate Greek writers *. And, indeed, { fufpect the the- 


ory 


* Dr Moor fuppofes, for inftance, that the following diftinctiion in the ufe of 
the prepofitions, with the different cafes, may be regarded as conftant and certain, 
With the genitive, he thinks, that the peculiar relation denoted by the prepofition 
is reprefented as in a‘ftate of reft or continued jun@tion with the objet: with the 
accufative, as in a ftate of tendency towards : with the datzve, as in a ftate of junc- 
tion under fome particular modification. Thus, he fays, em: with the genitive de- 
notes reft or fituatien upon ; with the accufative, motion direéed upon ; with the 
dative, fome particular mode in which one object may be {aid to be upon another. 
He applies the fame theory to éxt, and fome of the other prepofitions governing 
different cafes. But many examples might be brought in dire& oppofition to this 
theory. Thus, in THucyDIDEs, ir: Ogaxiis sgursizy he prepares an 
expedition,—diref#ed upon or againft Thrace.” "Ea? ‘ps, to flow fo- 
“ wards Egypt.” In Homer we find, 


“So may my fame be eftablifhed or exift among men,—refting upon or among 
“ ‘men.’ * Tn like manner, we find és with the genitive denoting tendency under. 


“ He comes towards the prefence,—or under the view of Priam.” The fame pre- 
pofition occurs with the accufative very frequently, denoting reft or fituation 


Under. Karaxgiwrts iad thy (Herop.), he conceals it, refting under or 
behind the door.” 


KETENE ITO 
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ory itfelf is too refined and philofophical to be admitted: as jut 
in the ufe of a language modified by general ufe, and adapted to 
the common converfe of men. I have, therefore, all along, ra- 
ther declined refting on fuch a ground, conceiving it in general 
to be uncertain and fallacious. I wifhed, in tracing the real — 
fenfe and origin of the prepofitions, to proceed, if poflible, by a 


_ different, and what appeared to me a more fatisfaQory route. 


How far the track I have chofen has enabled me to reach the 
objec in view, mutt be left to the jadgeten of thofe _ ac= 
with the principles of the 


APPENDIX. 


‘They fat down,—the one or fituate under him.” Thefe examples, and 
_ many more might be produced, feem to prove the fallacy of the ingenious_Pro- 


feffor’s theory, and fhow that the Greeks were by no means fo ees Tate: 
accurate in the ufe of their as 


| 
| 
| 
| 
| 
| 
| 
| 


APPENDIX. 


N the outfet of the Inquity, it was cilcset, that the Greek 
language is a language of regular ftructure, forming its roots 
within itfelf. Following out this idea, I have, in different parts 
of the inveftigation, had recourfe to the line of cognates and de- 
rivatives, as the fureft aids for conduéting us to the radical fenfe 
of a word, where the immediate root appeared to have fallen in- 
to difufe, or the fignification had diverged confiderably from the 
primitive idea. The grounds upon which i have thus proceed- 
ed, may require elucidation. - 

THE regular fyftem of Greek analogy upon which I have reft- 
ed fo much, though actually, I am perfuaded, founded in na- 
ture and in truth, has been rejeéted by many, and even treated 
with ridicule by fome, no mean proficients in the language. The 
fanciful notions which a few zealous enthufiafts for the perfec- 
tion of the Greek tongue have engrafted on the general theory, 
and the imperfect manner in which even its more temperate ad- 
votates feem to have underftood or explained it, have drawn up- 
on the fyftem a degree of difcredit, which, if fairly examined, it 
will hardly, I think, be found to merit. HEMsreRuuis and his 
{cholars, who appear to have firft developed it, were deficient as 
well in tracing this analogy through the minuter ramifications - 
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of the angvage, as in pointing out its real foundation i in the na- 


tural progrefs of the human intellect, and the gradual formation 
of the figns of thought. ‘They. contentéd themfelves with mere- 


ly giving the general outlines, and taking the facts as they found 
them occur in the a¢tual ftate of the language. Lord Monzop- 
DO, credulous in all things, and anxious. to, raife our admiration 


of the Greeks, maintained the ftrange conceit, that the Greek 


language was entirely a language of art, invented by men of pro- 
found {cience, who, in order to conftruct it, firft formed certain 


- words as the roots from which the whole was to branch out ; and 


then, by certain nicely regulated adjuncts of letters or fyllables, 
fabricated new words themfelyes, and enabled others to form 


them as they were wanted. Hence, faid he, a complete and re- 
gular fyftem of analogy could. not fail to take place, every part 
of the language being fo exattly adapted by thefe mien of fcience 
to the whole and to every other ‘part. ‘Unfortunately, his Lord- 


fhip negleéted either to inform us where and when thofe {cien- 


tific architects of the language appeared, or to point out the rules 
_of their procedure in this regular fabrication of words ; he went 


no farther than to ftate the fuppofed primitive radicals they had 
formed, leaving to future inquirers to find out, ‘as they beft 


— could, their fubfequent ramifications. The i ingenious author of 


the appendix to Dawes’ Mi ifcellanea Critica, appears to have had 


a jufter idea of the manner in which fuch an inquiry ought to 


be conducted. In that appendix, he has given a general ftate- 
ment of the Greek radicals, announcing, at the fame time, a far- 


~ ther defign of an entire work, on the origin, progrefs, and con- 


nection of ideas, as difcoverable 1 in the formation and ftructure 
of the Greek tongue. A few fpecimens of this projected analy- 
fis are likewife fubjoined. This promifed work, it is to be re- 
gretted, ‘has not yet appeared, There cannot be a doubt that it 
will contain many curious and valuable obfervations ; ‘though, 


from the fpecimens given. in the above appendix, I muft own, 
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that ingenious as many of the ebierviticns undoubtedly. are, 
there feems reafon to queftion whether the analyfis may not, af- 
ter all, be found too vague and general to lead 1 toa peremats 
refult. 

lam fenfible of het: 4 in the manner in. 
which the different writers I have mentioned have exhibited the 
fyftem of Greek analogy, I cannot but think, at the fame time, 
that the fyftem itfelf, if fairly delineated, is by no means an ar- 
_ bitrary creature of fancy, but has a real and folid foundation in 
the nature and progrefs of the human intelleét. Connetted as 

this fubje@t is with many parts of the foregoing difquifitions, I 
hope it will/not be ‘going too far out of my way to fubjoin to 
this paper, fome remarks in fupport of that opinion, together 
_ witha few curfory hints, both of the grounds on which I con- 
ceive this fyftem of analogy to reft, and the mode in which it 
might probably be followed out with advantage, to elucidate the 
real nature and progtefs of the language. Such a detail will 
form the beft explanation of my reafons for trufting to this guide 
fo much as I have done, in the progrefs of thefe inquiries into 
the radical fenfe of the prepofitions. ek 

In entering: upon this difcuffion, we may hehiaiion 
adopt in part the Hemfterhufian fyftem of Greek analogy, as 
detailed by. LinneEpP, and partially caught by Lord Monsoppo ; 
a fyftem which may be regarded as an approximation to the truth, 
though requiring much both of and addition to ren- 
der it complete. 

AccorpinG to this fyftem, che radical primitives in the Greek 
language are the five duads aw, ew, sw, ow, and vw ;—all of them — 
verbs, and all fignifying the fame thing, viz. the general idea of 
motion, I move,"* I'‘make to move,” or “ I ceafe motion;’’ by the 
addition of confonants to thefe duads, the fignification is modi- 
fied and defined in any manner that may be required for ex- 
prefling the various ideas and defires of the mind. ~ Hence 


every 
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every Greek word may be traced to a verb as its immediate pri- 
mitive, and all verbs ultimately found to emanate. from one or 
other of thefe duads, by the regular addition or infertion of the 
confonants. 
One obvious defect in this fyftem i is, that it leaves snerplain- 
ed altogether the mode in which the various confonants are ufed 
for modifying the general idea denoted by the duads. . Hence, 
were we even to admit the hypothelis as true, by far the greater — 
part of the mechanifm of language would {till remain to be in- 
veltigated. 

ANOTHER effential defed to be that this fyftem 
fes, contrary to all probability, that the abftra@t idea of motion 
unmodified was the root of all language, confequently of all the _ 
conceptions of the intellect ; and that it was not till this idea was 
formed, that the various kinds and modes of it came to be 
known and named. - The progrefs of nature feems to be the re- 
verfe: individual acts are firft obferved and named, and from. 
thefe individual acts all general notions come to be formed. 

Tue fyftem is farther erroneous inthis, that it fuppofes thefe 
five duads to be fignificant and radical words ; whereas it is evi- 
dent, that the # in each can be nothing but the termination of 
the verb; and thefe terminations of the verb, nothing elfe than. 
the remains of a pronoun, coalefced with the verb with which i it 
had been formerly connected. 

In fo far then, I apprehend, we. thall find this fyftera of : ana- 
logy defective and erroneous ; yet, at the fame time, it conduds 
us a certain length upon the right road, and is nenetoge: by: no 
means undeferving of attention. _ 

THE natural theory upon which I am » incline to think. sae a 
jutt fyftem of analogy, not for the Greek language alone, but for 
every primitive language whatever, might be formed, is the fol- 

lowing: Language having been formed and employed for the 
communication of our feelings, whether of pleafure or pain, ob-— 


jects 


APPENDIXOn GREEK ANALOGY: 395 


jeéts were therefore named, (in whatever manner the language 
originated), from their qualities, as difcovered in their actings 
or effects in regard to us. Hence it follows, that the verb is the 
root of all language. ‘Fhe founds by which thefe feelings were 


conveyed, were the fhorteft poffible, and would therefore be all 


monofyltables, confifting ptobably of one confonant and one 
vowel found only. As the vowel founds are often uncertain 
and variable im their enunciation, not only in different jan- 


guages, but in different dialects of the fame langnage, they muft - 


therefore have been frequently interchanged in common fpeech, 


and no variation in thefe founds could be fappofed to affect the ex- 
preflion of the particular idea meant to be conveyed. It wasto 


the confonant founds alone, in-which the diverfity was fixed and 


_ obvious, that recourfe was neceflarify had, as the radical and uni- 
form figns by which the diverfity of ideas or feelings was to be 


exprefled: Each confonant, therefore, had a particular fignifica- 
tion, which it always retained, with whichever of the vowel 
founds. it was - united; the vowel founds ferving only as the: 
neceffary means of enunciating the confonants ;. and it being con- 
fequently a matter of indifference which of the vowel founds: 
were thus employed. 

Here, then, we may look for the a@eal roots 
traced to their remote and primitive origin; fimple monofylla- 
bic founds, containing one confonant only, enunciated indifcri-. 

‘minately by any of the founds, at the option of 
the fpeaker, 

In applying’ this to the firudture of the Greek 


guage, the Hemfterhufian fyftem of Greek analogy comes op- 


portunely to dur affiftance, at once fapporting and fupported by 
the generaf obfervations now thrown out. "Fhe duads aw; ew, 0; 


ow, and ow, from which, according: ‘to this theory, all the words. 
in the language emanate, are in fact, after removing thew, (which, 
as mientioried, is an. adventitious ‘termination), nothing 


but: 
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but the vowel founds ferving for the enunciation of the confo- 
nants. It is altogether an error, therefore, to ftate thefe as of 
themfelves fignificant : but the framers of the analogical theory 
were mifled by this circumftance, that as the vowel founds were 
neceflary for the enunciation of the confonants; as all. founds : 
were meant to exprefs fome fpecies of action; and as all aGtion 
neceffarily implies motion, or the ceflation of motion ; it feemed. 
therefore not unnatural, that the neceflary component of the fig- 
nificant found fhould be fuppofed to denote the eqally necef- 
fary component of the action or idea fignified. : 

Havine afcertained the application of the vowel. founds, the 
next object is to confider the application of the confonants. In 
regard to this, it may be obferved, that whatever is thought of 


the hypothefis of the duads, it at leaft implies nothing abfurd or 
improbable to fuppofe, that when men began to name objects 


from their action, as experienced in their effects, the fame or fi- 
milar feelings would naturally be exprefled by the fame or near- 


ly fimilar founds ; that the expreflive part of thefe founds was 


the confonant, and that, confequently, when the defire to indi- 
cate a feeling or idea once fignified recurred anew, this would be 
done by a repetition of the fame confonant found which had firft 
been employed to make it known. Hence it will follow, that 
each different confonant, when enunciated, would foon come to 
denote a particular range of ideas, agreeing among themfelves in 
fome common quality, diftinét from what were expreffed by. 
any of the others. What particular clafs of ideas each confonant 
was to denote, was purely arbitrary and accidental. This, there- 


fore, can never be afcertained by theoretical conjeCture: if it be. 


known at all, it muft be traced by the obfervation of facts, as 


they actually occur in the exifting primitive languages. 


WHETHER, by fuch a mode of inveftigation, the actual for- 


‘mation of language could be fully and fatisfactorily developed, 


I cannot pretend to determine. I muft Om, however, that it 
 feems 
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feettis to me not improbable, that by proceeding Upon. fuch a fy- 
ftem to analyfe any primitive language, fom curious and inte- 
refting facts regarding the formation of and 
of thought might be difcovered. 

From a flight and imperfedt furvey of the Greek, ‘Gabich may 
juftly be confidered as an original language *), in its primitive 
radicals, it appeared to me that fomething of fuch a regular ana- 
logy was to be found in it ; that each of the different confonants, 
united with the vowel PES in the form of the duads, was em- 
ployed to exprefs:fome one general idea, which might be traced 
in various ramifications through all‘the words emanating from 
that primitive root. The radical ideas, announced by the 
different, confonants, ftruck me as Somewhat of the following 
nature. 


B Impulfe, or force. 
Expulfion, extruding force. 

A Piercing force, or connected with that, 

Z Expanfion or expanfive force, force eres itfelf round on 

every fide. _ 
K Laying force, the force by one | is to lie 
 wpon or eecupy a determinate place. 
L Abrafion or abrafive force, the force by which objects are 


{tripped, fmoothed or pared. 
VoL. Verne II. 3C 


/ 


* I po not ra enter at Hai into the difpute about the origin of the Greek Jan- 
guage from the Hebrew, through the medium of the old Pelafgic. In fatt, fuch: 


a derivation does not affe& the ftruéture of the language as complete within itfelf;. 
for this derivation, if real, was not partial, but, total: it was not the engrafting of 


parts upon a language already formed, but a tranfplantation of the whole, in its. 
native form ; fo that not only the branches, but the roots, with all their natural ra. 
mifications, were carried to, and eftablifhed in, a new and fomewhat different foil. 
In reafoning, therefore, on the ftruéture of the language, the Greek may juftly be 
reckoned an original language, forming its roots within itfelf ;.and the other words 
from thefe roots, by a regular progreffion. 
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M Compreffion, conjoining force. 
N Cleaving or fplitting force. © 
_& Strong or violent friction. 
TI Adhefion, adhefive force. 
Fluency, flowing force. 
Tremor, fhaking force. 
T Tenfion, ftretching force. | 
_ ® Eruptive force, force by which interpofed obftacles are io. 
ken through. _ 
X Opening or disjoining force, force by two 
once united are made to feparate. 
Y Smooth or lefs violent friction. — 


IF it be objected, that fome of the ideas thus fuppofed to be 
denoted by the radical components of the language, are too ab- 
{tract and metaphyfical to be allowed fuch a place, I would ob- 
ferve, that in ftating thefe general fignifications, I by no means 
fuppofe the general idea to have been in view when the various 
words were formed ; but that the generalization arofe merely 
from the repeated spolicaiion of the fame found to exprefs indi- 
vidual objects and individual feelings, concurring in the fame - 

‘common quality ; for in fact it is rather the expreffion than the 
idea which has a metaphyfical af{pect, moft of the ideas being de- 
rived from objects i in their nature fufficiently one and fre- 
quently occurring. 

SHOULD it be thought abfard to fappofe that al me numerous 
ideas which f{peech ‘is intended. to exprefs, could ever originate 
and fpread out from the few and {canty fources now laid down, 
I fhall only reply, that if we can trace in faét the whole body of 
a copious and expreflive language, as emanating from thefe pri- 
mitive roots, and can find every idea borrowing i its expreflion ulti- 
mately from one or other of thgfe radical founds, we fhall have 
an argument from fact of the truth of the fyftem, which no > rea. 


foning from improbabilities can poffibly overturn, =~ 
AFTER 
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ArTen all, I by no means with to be underftood as delivering 
thefe fignifications with confidence: they are thrown out as con- 
jectures merely, made upon a curfory inveftigation, which may 


probably never be purfued farther. But though thefe particu~ 


lar conjectures may be erroneous, the fy{tem, I am inclined to 
believe, holds fo much of truth, that not only in the Greek, but 
in every primitive language, if the roots were fully inveftigated, 
fome common idea, fome common force, might be traced out in 


the radical ufe of every individual confonant. A theory found- 


ed on fuch an inductive procefs, would be by no means chimeri- 


cal, Within the bounds of a particular language, etymology.isa 
pretty fafe guide: it is only when rafhly applied to various and. 


difcordant languages that it is ready to bewilder and miflead. 


_- WERE it poffible thus to trace, with any degree of precifion, - 
in the roots of different primitive languages, the power and force 
of the feveral letters, as employed in their radical words, and 


from thefe to follow out the fubfequent ramifications of each 
through all the component parts, an excellent track would there- 
by be opened for inveftigating the procedure and advances of 


the human intellect in the arrangement of ideas and the forma- 


tion of language. A comparifon of thefe primitive roots would 
likewife enable us beft to determine, whether any, and what, de- 


gree of affinity exifted among the languages to which they be- 


long. Could the various original languages of the globe be 
brought into fuch a point of comparifon, the much-agitated que- 
 ftion, Whether all are derived from one? might be eafily refol- 
_ ved. Probable as the opinion of their common origin mutt be 


allowed to be @ priori, and ftrengthened as it undoubtedly is by “ 


many ftriking proofs of aétual coincidence, ftill to eftablith it 
completely, fuch an evidence 4 pofleriori feems to be wanting, as. 
a radical analyfis, founded upon the plan now mentioned, would . 
alone be competent to furnith. 
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XIV. ExPERIMENTS and OpservaTions upon the CONTRACTION 
of Water by Heat at Low Temperatures. By THOMAS 


CHARLES M.D. F.R.S. Ep. Profe Lor of in 


[Read Fanuary I 804.]. 


‘0 the general law, that bodies are expanded by Kei and 

" contraéted by cold, water at the point of congelation, and 
for isi degrees of temperature above it, feems to afford a very 
fingular and curious exception. 

THE circumftances of this remarkable anomaly have been for 
fome time believed to be the following : : 

_WuEN heat is applied to water ice cold, or at a temperature 
not far diftant, it caufes a diminution in the bulk of the fluid. 
The water contraéts, and continues to contra¢t, with the aug- 
mentation of temperature, till it reaches the 4oth or 41ft degree. 
Between this point and the 42d or 43d, it fuffers {carcely 
any perceptible change; but when heated beyond the laft-men- 
tioned degree, it begins to expand, and increafes in volume with 
every fubfequent rife of temperature. 

Dorinc the abftraétion of caloric, the peculiarity in the con- 
ftitution of water equally appears. Warm water, as it. cools, 
fhrinks, as other bodies do, till it arrives at the temperature of 
43° or 42°. It then fuffers a lofs of two degrees without any 
alteration of denfity. But when farther cooled, it begins to di- 
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late, and continues to dilate, as the temperature falls, till con- 
gelation actually commences, whether this occurs as foon as the 
water reaches the 32"; » oF after it has defcended any number of s 
degrees below it. 

SupposinG this of water to be eftablithed, it muft 
appear, indeed, a very odd circumftance, that heat fhould pro- 
duce contrattion in this fluid, while it caufes expanfion in other 
bodies; and no lefs ftrange, that within one:range of tempera- 
ture it fhould contract, and in another expand, the very. fame 
fubftance. Before a deviation from fo general a law fhould be _ 
received as matter of fact, the proofs of its exiftence ought to be 
clear and indifputable. 

_ THE experiments hitherto publifhed, from which this Segute 
rity has been deduced, have all of them been performed upon 
water contained in inftruments fhaped like a thermometer glafs, 
and confifting of a ball with a flender ftem;.and the expanfive 


or contrattive effects of heat and cold have been inferred, from | 


the afcent or defcent of the fluid in the ftem. 

To fuch experiments it has been objected, that the dimenfions 
and capacity of the inftrument undergo fo much change, from 
variation of temperature, that it is difficult, if not impoflible, to 
determine how much of. the apparent anomaly ought to be im- 
puted to fuch changes, and that it is not improbable that the 
whole of it may be afcribed to them. 

THE object.of this paper, which | have now the honour to 
read | to the fociety, is to prove by a fet of experiments, condut- 
ed in a manner altogether different, that the common opinion is 
founded in truth, and that water prefents itfelf as that ftrange 
and unaccountable anomaly which I have already defcribed. 
Ir is worth while, before detailing my experiments, to give a 
fhort account of thofe obfervations which led to the difcovery of 
the fad, and which in fucceffion have extended our knowledge 
of it, as well as of thofe obfervations which have at different: 


_ periods been offered to difcredit, and to bring it into doubt. 


| 
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_ Tue firft obfervation relative to this fubje& was made by Dr 
CrounE; towards the clofe of the 17th century, while engaged 
in inveftigating the phenotnena of the great and forcible, though 
familiar, expanfion which happens to water at the inftant of 
freezing ; a matter which occupied, in a confiderable degree, the 
attention of his fellow-members of the of London 
in the earlier years of that inftitution. 

I sHALL relate in his own words his firft ifentatie:'* “T filled 
“ a ftrong bolt-head about half-way up the ftem with water, a day 
“ or two before the great froft went off, marking the place where 
“ the water ftood; and placing it in the fnow on my leads, 
while I werit to put fome falt to the fhow, I found it above 
the mark fo foon, that I thought the mark had flipt down, 
which 1 prefently raifed to the water, and as foon as ever I 
mixed the falt with the fnow, the water rofe very faft, about 
_ one-half inch above it. I took up then the glafs, and found 

“ the water all fluid ftill: it was again fet down in the falt and 
 & fnow ; but when I came about an hour after to view it, the 
“ ball was broke, and the water tontied to hard ice, both in the 

“ ball and ftem*.”? 
From this experiment Dr he that 
water, when fubjected to cold, aétually began to expand before 
it began to freeze. On announcing it, however, to the Royal So- 
ciety, on the 6th of. February 1683, Dr Hooke immediately ex- 
preffed {trong doubts, and afcribed the afcent of the water in 
the neck of the to ‘thes of the 
by the cold. 

To obviate this objeétion, and to preclude, as far as was pof- 
fible, the influence of the change of capacity in the apparatus 
from an alteration of its temperature, a bolt-head was immerfed 
in a mixture. of falt and fnow, and into it, when cooled, was 
poured, to a certain vheight, water to near the 


freezing 


* Bircn’s Hiftory of the Royal Society, vol, tv. p. 263. 
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freezing point. ‘The water began inftantly to rife as before, and 
- when it had afcended about ‘one-fourth of ‘an inch in the ftem, 


the veffel was taken out, the whole water remaining fluid. 
_ 'THESE experiments, fupported by others of a fimilar nature, 
communicated by Dr Stare to the Society on the 2oth of ‘the | 
fame month, appear to have fatisfied its ‘members, in general, of 
this fact, that water, when on the point of congealing, and ‘while 
ftill fluid, is aétually fomewhat dilated previous to'the remark- 
able expanfion which accompanies its converfion into ice. 
Dr Hooke, however, continued and the 
REMARKABLE as the fact, as now fated, crit hive appeared, 


— it feems not to have excited particular attention, nor to have foli- 


cited more minute examination ; and indeed though philofophers 
did not lofe fight of it, yet for near a century no one inveftiga- 


- ted it more carefully. Mairav, in his treatife on ice in 1740, 


and Du Cresr in his differtation on thermometers in 1757, ap- 
pear to be well aware of this property of water ; but it is to M. 
De Luc that we owe the knowledge of the Lead ince more in- | 
terefting circumftances, (vide Recherches, &c.' 1772). 

HavincG devoted his attention to the exemination “a im- 
provement of the thermometer, he was naturally led to the in- 
veftigation, while engaged in afcertaining the phenomena of the. 
expanfion and contraction of different fluids by heat and cold. 

He employed in his experiments thermometer glaffes ; and the 
included water, at or near the term of liquefa¢tion, defeended in 
the ftem, and appeared to him to fuffer a diminution of bulk by 
every increafe of temperature, till it arrived at the 41ft-degree. 
From this point its volume increafed with its temperature, and it 
afcended in the tube. This fluid, when heated and allowed to 
cool, feemed to him to contract in the ordinary way, till its tem- 
perature funk to the 41°, but to expand and increafe in volume, 
as the temperature fell to the freezing point. 

THE 
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_. Tae ‘denfity of water, he thence inferred, is at its maximum 
at 41°, and. decreafes with the 
ture is:elevated or deprefied. 

Luc fays, indeed, chat very nearly t the’ ealterz 
in volume is occafioned in water of temperature 41°, by a varia- 
tion of any given number of degrees of temperature, whether 
they be of increafe or of diminution; and confequently that the 
denfity of water at temperature 50", and at 32 1 is 
the fame. . 

Tuts philofopher did not conceive that of wa- 


ter, in relation to caloric, undergoes a change at the temperature — 


of 41°, fuch that fhort of this degree caloric fhould occafion 
contraction, and beyond it expanfion. He imagined that heat 
in all temperatures tends to_produce two. but quite oppofite ef- 
fects on this fluid, the one expanfion,; the other contraction. - 
In low temperatures, the contractive effects furpafs the expan- 


five, and contraction the confequence: In-.temperatures be- 
yond. 41°, the expanfive predominate, and the vifible expanfion is 


the excefs of the expanfive operation over the contractive. 
_In 1788, Sir CHARLEs. BLAGDEN added the curious obferva- 


tions, that water, which by flow and undifturbed refrigeration 


permits its temperature to fall many degrees below its freezing 
_ point, perfeveres in expanding gradually as the temperature de- 
clines ; and that water having fome muriate of foda or fea-falt 


| diffolved i in it, begins to expand about'the fame number of de- | 


- grees above its own term of congelation that the expanfion of 


pure water precedes its freezing, that is, between eight and nine | 
degrees. More lately, (Philofopbical Tranfactions, 1801), he, or 
rather Mr GixPin by his direction endeavoured to afcertain, by © 


the balance and weighing bottle, the amount of this tsa of 
denfity caufed by a few degrees of temperature. 
EveERY one mutt be familiar with the ufe. which Coste Rum- 


FORD has mage of this peculiarity in the conftitution of water, 


Vou. V.—P. I. 3D in 
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in explaining many curious appearances that prefented them- 
felves in his experiments upon the conducting power of fluids, 
and in accounting for certain remarkable natural occurrences, 
The Count, with his ufual ingenuity, has endeavoured to point 
out the important purpofes which this peculiarity ferves in the 
economy of nature, and to aflign the final caufe of fo remark- 
able an exception from a general law. 
In recording the obfervations and opinions that been: Leal 
publifhed concerning this point, I might now, in order, notice 
-thofe of Mr Da.ton of Manchefter, related in the fifth volume 
of the Manchefter Memoirs, which tended to confirm and enlarge 
our knowledge of it. But as Mr Darton himfelf has called in 
queftion the accuracy of the conclufions which had been drawn 
from his experiments, and from thofe of preceding obfervers, I 
_ fhall only remark, that they are of the fame nature, and’ nearly 
to the fame purport, as thofe of M. pe Luc. B92, 57 | 
_ Ir was in confequence of a communication with which Mr 
DALTON favoured me, three months ago, that my attention was 
directed to this fubject. He informed me, that after a long train 
of experiments he was led to believe that le, and his predeceffors 
in the fame field of inveftigation, had fallen into a miftake with 
regard to the contraction of water by heat, and its expanfion by 
cold, in confequence of overlooking or underrating the effect 
which the change in the capacity of the thermometer-fhaped ap- 
paratus employed, muft occafion on the apparent volume of the 
fluid. He ftated, in general terms, that on fubjeéting water to 
different degrees of temperature, in inftruments made of differ- 
ent materials, he found the point of greateft denfity was indica- 
ted at a different temperature in each. | 
IN an apparatus, having a ball of earthen-ware, it was at the 
34th degree; of glafs at the 42d; of brafs at the 46th ; and of 
tead at the soth. And as water could not follow a different law, 
according to the nature of the fubftance of the inftrument, he 
conceived 


| 
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conceived that the appearance of anomaly in this fluid origina- 

ted entirely in the containing veflel, which muft caufe the fluid 
in the ftem to fall or rife according as its expanfions are — 
or lefs than thofe of the included liquor. 


A DETAIL of thefe important experiments has, ere now, been 


tranfmitted for publication in the Fournals of the Royal Inftitution 


of London, A 


_ | HAVE already noticed, that Dr Hooke endeavoured to ex- 


plain in the fame manner the original experiment of Dr 
_ Croune. This explanation apparently gathers much force from 
thefe experiments of Mr DatTon. 

It is proper, however, to ftate, that M. DE ‘Lee was perfectly 
aware of the alteration in the dimenfions of his glafs apparatus, 
but deemed the change t too trifling to have any material in- 
fluence. 

Sir CHARLES Bravban paid grester attention to the circum- 
ftance, and by calculation attempted to appreciate what allow- 
ance ought to be made for the change of ey, in the amount 
of the apparent changes of volume. 

WueEn it is confidered, that the whole amount of the apparent 
change is but very fmall, and that the expanfibility of the glafe 


is with difficulty afcertained, and is variable by reafon of. the 


fluctuating proportions of its heterogeneous conftituents, it muft 
be acknowledged, that precifion in fuch a calculation cannot pof- 
fibly be attained, and can fcarcely be approached. On this ac- 
count, all the experiments already noticed are open to the expla- 
nation of Dr Hooxg, and in fome meafure liable to the objec- 
tion which he had urged. I confefs, that the experiments of Mr 
DALTON, in perfect concurrence with that explanation, created 
confiderable doubts refpecting the exiftence of the peculiarity of 
Water ; againft the probability of which circumftance, all analo- 
gical reafoning, and every argument 4 priori, ftrongly militate. 

3D2 UNWILLING 


‘ 
t 
~ ‘ 
| 
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UNWILLING to remain in n uncertainty, and conidia it as a 
point of much curiofity and intereft, I have endeavoured to in- 
veftigate the fubject by experiments conducted in a totally dif- 


ferent mannev, equally calculated to exhibit the fingular truth, 


but free from the objections to which the others are liable. - In 


them, it was my object to provide, that’ neither the changes of 


the aétual volume of the water, nor the alterations in the dimen- 
fions of the inftrument, fhould have any influence whatever. 


I 1AvE already taken occafion to fate, that the purpofe of this 
_ paper is to prove, by experiments on the principle now mention- — 


ed, that in the conftitution of water there. fingu- 
larity often noticed. | | : 

firft ftate the plan of the: ind detail 
the particulars of the moft remarkable of them. . 

WHEN any body is dilated, whether by heat or cold, it necef-. 
farily becomes lefs denfe, or f{pecifically lighter ;:and the oppofite 
effects refult from contraction. This isthe circumftance, as eve- 
ry one knows, which caufes various movements among the parti- 
cles of fluids, when any inequality of temperature prevails in, 
the mafs ; hence thefe particles are. «tele kame with a ftate 
of reft. 
Ir a partial application. or of heat prodixce an ine. 
equality of denfity in a mafs of fluid, the lighter Parts rife to the: 
furface, or the denfer fall to the bottom. => 

Ir readily occurred, that 1 might.avail myfelf of thefe move- 
ments, and upon ftatical principles Srhermine the in dif-. 
pute. 

I HAD only to examine attentively water as it: — Diiated or: 
cooled in.a.jar, and to obferve, by means :of thermometers, what 
fituation the-warmer, and what the cooler ran: bes this _ af-. 
fected. 

IF I fhould-find that ice- cold water, in acquiring temperature; 


| thowed, in its whole progrefs, the warmer parts near the top, it 


would 


| 


would indicate; that, water’. follows the law, end; is expat 


ed like other,bodies*by, heat... 

Or if I fhould obferve the warm witers. in choline: to ihe 
freezing point, had the. coldeft portion uniformly, at.the bottom, 
the fame conclufion would follow ; while a different inference, 


and the exiftence of ‘the fuppofed would be deducible 
fhould the ‘event prove different. The only circumftance, Tcan. 


‘figure to myfelf as in any meafure to render this mode 


ing point’ may have fo little chinie of denfity Settonied by a a 
{mall variation of temperature, that its particles. may be prevent- 


ed by their inertia, or by the’tenacity of the circumfluent mafs, — 
from affuming that which Apecific gravity would 


allot to them. 


It will: appear, very cledr, thi of 


the experiments ‘which I fhall immediately detail, that no ob- 


ftacle to the fuccéfs and- of the proceeded 


from this fource. 


is not.neceflary. for me to all the experiments I have 


made, . I fhall reftrict. myfelf to the detail of fix, which prefent 
varieties in the modes of Beggars and which afford the moft. 


= 
ExpERIMENT. 


I FILL ED a jar of deep, and. in 


power of heat. T falpended two in 
the fluid, nearly, in the axis of the jar, one with its ball ‘about. 
half an inch from: the ‘bottom, the other at the fame diftance. 


below - 


‘ 
} 
d "| 
| 
; 
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below the furface. The jar was freely expofed to the air of the 
room, the which was from out to 
THE experiment commenced at noon : ds 
| Top Thermom, | Bottom do. | 


- and Io minutes, 42 38.25 

——— —so——— - 

—2 hours and minutes, 48 


Con FID ING in the indications of the this 
experiment we learn, that when heat fldéws on all fides from the 
ambient air into a column of ice-cold water, the warmer por- 
tions of the fluid actually defcend, and take poffeffion of the bot- 
tom of the veffel. 

downward courfe proclaims an 
teftifies that the cold water is contraéted by heat. As foon, 
however, as the fluid at the bottom exhibits a temperature of 
38°, this courfe is retarded and foon ftopped, and with the rife 
of temperature beyond 40° is totally changed: for when the 
mafs attains this degree, the experiment equally fhows, that the 
warmer fluid afcends and occupies the fummit, by its route an- 
nouncing its diminifhed denfity, and proving that water is now 
expanded by heat. 


EX PE- 


| 
| | 
| | 
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[FILLED ‘ai fame jar with water of temperature 53° 3 and | 
that I might obferve the phenomena of cooling, I placed it in 
the axis of a much larger cylindrical veflel, nearly full of water, 
of temperature 41°, arid, by an earthen-ware fupport, raifed it 
about three inches from the bottom, taking care that the water 
fhould be on the fame level in both veffels. As foon as I had 
adjufted the two thermometers, as in the former experiment, I 
obferved that the top of the fluid was. + fill at 5 3° but the bot- 
tom had fallen to 49° | 


15 —$— 52 they 


: Now, to accelerate the cooling, I withdrew by a fyphon the wa- 
ter from the large cylinder, and fupplied i its place by ice-cold 
water, mixed with fragments of ice, which. by repeated cautious 
agitation was a uniformly at the temperature of 32°. 


-In 23 minutes, 48° 


— 46 ——— 40 
— 52 36 


Tuts: 


| 
; 
| 
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-Tuls experiment is the counterpart of the foregoing, and from 
the teftimony of the fame inftruments, it appears, that when a 
cylinder of water of 53% is“cooled by ‘circumfluent iced fluid, 
the colder part of the water takes poffeflion of the bottom of the 
veffel, fo as to eftablifh a difference of temperature from the fur- 
face, | amounting fometimes to 8°, And that as foon as the, fluid 
at the bottom arrives at the 40th degree, the temperature of the 
fluid in that fituation is ftationary tll the furface reaches the 
fame point. 

‘Durinc the. fabfequent refrigeration, cof 
cooling undergoes a total change. The thermometers tell that 
_ the colder fluid rifes to the furface ; fo that the top gets ‘the ftart 
of the bottom foon by 4°, and attains the loweft temperature of 
34° very long before the other falls to the fame > degree. 

THESE circumftances, I think, lead to the conclufion, that by 
the lofs of caloric, water at $3° is contracted: and:rendered fpe- 
cifically heavier, and that this continues to happen till the water 
come to the temperature of 40°, at which period an oppofite ef-, 
fect is produced ; for now the water, as it cools, becomes {pecifi- 
cally. lighter, or is expanded. 

Iw this, as well as the former experiment, a "alec change 
in the fituation, which the warmer and colder parts of the fluid 
affected, in the progrefs both of the heating and cooling, while | 
every external circumftance of the procefs continued unaltered, 
is particularly worthy of remark. 


EXPERIMENT 
1 TooK a glafs jar, 17.8 inches deep, and 4-5 in diameter, in- 
ternal meafure, .having-a neck and tubulature very near the bot- 


tom. I provided alfo a cylindrical bafon of tinned iron, 4.8 
| inches 


| | 
| 

| 

| 

| 


inches deep, Io inches-in diameter, Weith a circular hole i in 
the middle of the.bo large enough to receive'the top ‘of thie 


By means a f land cement I fecured this fo 
‘that it 3 upper, ‘part of the jake. 


THE object of the contrivance was tp have t the ggg of of aa 


plying a cooling medium to. the fuperiot partion of a, gylinder 
of water; it-anttwéted the purpofe céimpletely,;, intraduced 


the ball. of a thermometer through. the.tubulature, till che extre- 


mity of it nearly reached the axis at tliree-fourths. of an. inch 
above-the riffing. of the bottoin, and havin fixed it in this fitua- 
tion, I rendered the’a bya cork 


and 291! 9: 

THIS very ‘tall vas placed on a table, with the interpol 
tion Of fome ‘folds of eel Paper in a fom without a a fire, of 

water. of, 59° po 


which ABE SARA, ‘of powdered ice a 
From time, to time I explored. the, temperature. neat’ the fur 


face, by inferting. the bulb. of, depth, of 


half an inch neatly in the qos 


ada ead this time thin film’of 


ed. 


| 
| 
| | 
| 
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Init hout 44 min, Parte GA O | 

A cruft ice dome thick. 
4 ‘hours, 39-5 bas now lined. the glafs, 
and ait had fallen to 40°. 


next mornin 9 $8 Ji 


vDamelted that the-éake was de- 
| tached from the fide of the vel- 


— 41 41> Ice not ail melted. 

— 50 4t Air 42°. Ace not entirely gone, 


‘ing protra¢ted prefents fome ftri riking fads, 
and its general import, with regard to the fubject ‘of invettiga- 
tion, agrees ‘with ‘the preceding. In it we fee, that when the 
frigorific mixtute abftraéted caloric from the upper exthettlity of 
acylinder of water, nearly 18 inches long, and At $6°, the re- 
dution of temperature appeared fooner, and advanced quicker, 
at its lower extremity than in the axis at the top, not:two- anda 
half inches diftant from the cooling power. No one can entertain — 
_a doubt that this is owing to azcurrent of cooled and condenfed 
fluid defcending, and a corref{ponding one of a warmer tempera- 
ture afcending. Now, if water,obferved the fame law that other 
bodies do, and had no peculiarity of conftitution, the fame pro- 
grefs of cooling fhould. — This, however, the experi- 
ment teaches: not the cafe : foonas the fluid-at the bot- 
tom exhibits a temperature: °, it ceafes. The colder fluid 
remains at top, and quickly lofing température; eré long begins 
to freeze. The continuance of the coldér fluid at the furface 


furely er, that it is not more denfe than the fubjacent 
| warmer 


| 
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warmer water. ‘Phe: legitimate dnforence from this is; that wa~ 


ter of temperature’ isnot contradted “by being: cooled bid 


Dip water obferve the afial law, and. lofe volume along with 
temperature, this “experiment, by’ its” 
ample time for the manifeftation of it. 

For not lefs.than. two. days water maintain. 
feffion of the top, and for the fame period radia nhs at the 


bottom “never fell beléw 39°.’ “NO current, ‘therefore; of cold 


and condenifed Auid moved from the furface,.to affect the infe- 
rior thermometer, or, to, atteft the contraction of water by:cold. 


‘Tus remark, does not warrant 


the conclufion, that the water is adtually expanded, though it in 


no degree oppofes it. It proves no more, than that the contrac. 


tion ceafes at.40°. ; and, that water.of 32° isnot-more denfe than 
of 39°-or Nay; fome! may: »perchance: allege; that-it does 
not prove fo much ; conceiving, that’ if ‘at 40° ‘the contraction, 
without ceafing altogether, becomes very inconfiderable, the. dif- 


ference of denfity occafioned by..the: fabfequent reduétion’ of 


temperature may be fo very trifling,-as not to enable the’ cold 
particles to ‘takethat’ fituation ‘which ‘their gravity affigns to 
them, in oppofition to the inertia and tenacity of the fabjacent 
mafs; and. therefore. that the colder, though heavier-fluid, may. 
be to-remain above. That this allegation: fhould 


_ have no weight attached to it, thecircuinftances of the fucceed- 


ing experiment will clearly fhow, as I {all foon notice. 


BEFORE, quitting the confideration. of the prefent-experiment,. 
it may be. worth: while to. temark, that‘it-may feem rather fur-. 
3 prifing, that the bottom of the fluid was not apparently affected. 
in its teriperature by the ice which fo long occupied its furface. 
It might be expected,, though: no. cold. currents defcended from. 


above, that the caloric fhould be :condudted: from below, and 


that 


— 
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| 
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that the, temperature fhould: by that have: een reduced. | 
{uppofe that the caloric did pafs from. the lower {trata upwards, 


>A 


no interchange of heat can take ‘place between the particles of bodies ina fluid 
Rate, fecing that for two days the fluid at the bottom of ‘the velfel never fell be- 
low 39°, though the furface was at 32°. 

From the circumftances detailed i in his Connt that 
heat cannot defcend in a ‘fluid. Fro rom che prefent, it might with. equal panics be 
inferred, that heat cannot afeend. 

"Hap I not the falleft conviétion that thié celebrated philofopher has ‘puthed his 
ideas too. far, I might be this experiment well 
with the hypothefis, 

Soon after the. interefting {peculations. of the Count appeared, 1 ‘began to inve- 
ftigate the fubje@ ; and, by a pretty long train of experiments, ‘which I have an- 
anally taken an opportunity of detailing’ in my lectures, fatisiied ‘myfelf that he 
afligned to fluidity a character that does not belong to it. Though fince the date 
of thefe experiments, the public bas: become, poffeffed of feveral feries, well de- 
vifed, and, in my opinion, of themfelves conclufive, i it may yet be worth while to 
ftate the tenor and refult of them, by which the value of their pny in poche 
of the. condu@ting power of liquids may be eftimated. | 

experiments were of two defcriptions. 9 

one fet, of the fame nature nearly with, of, Count RomForp, 

_ figned to examine, Whether heat,. when applied | to the furface, can defcend ina 
fluid; and the other to difcover, Whether, on ‘the mixture of different portions of 
fluid at different temperatures, an interchange of caloric takes place’ between the 
particles ;—Water, oi} and mercury, having been the of. ‘the ‘Count’s €xpe- 
riments, were employed for the 

To explore the condudting power of water. and oil, the ufed 
confifted of two veflels of tinned iron, both cylindrical, and the one fomewhat lar- 
ger than the other. The larger had a ‘diameter of eleven inches, ‘and into it ‘were 
poured the fubjeéts of the trial, to different depths on different’ occafionsi ‘The 
{maller was ten and a | half inches 1 in diameter. By three hooks/it was fufpended 
within the larger pan, in fuch a manner, that the. bottom of it exaGly,reached. and 
came in’ contact with’ the furface of ‘the fluid. ‘This fmaller veflel became the 
fource of the’ heat, by being’ filled with boiling hot water. The water ‘was chan- 


ged frequently, care being taken to evpids, by the ufe ofa fyphon, all agitation — 
and difturbance. 


Iy 


v 
{ 
| * Tuis experiment may perhaps. be thought to give countenance to the opinion 
| of the very ingenious Count Rumrorp, that fuids cannot condué heat, and ‘that 
| 
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but flowly, by reafon that fluids, as Count Romrorp | 


taught us, are — bad conductors of heat, and fo very 


In setaicniint of this nature, shi difficulty is to prevent the: conveyance of ca- 
loric by the fides of the veffel. I attempted, and, I think, I fucceeded, in over 
coming this difficulty, by encircling the larger veffel, at a ticight exadtly corre- 
{ponding with that of the furface of the fluid within, with a gutter or channel 
about half an inch in depth; and by caufing a ftream of cold water to flow con- 


ftantly through a fyphon into this gutter, while from the oppofite fide it ran off by 


a {mall fpout. 

Tue water was feveral degrees colder heii the fubje& of the experiment ; ; and 
keeping cool the portion of the veffel with which it was in conta, it intercepted 

the heat that would otherwife have travelled by this route to the bottom. 

For mercury I had recourfe to veflels of glafs. 

In all the experiments a thermometer bore teftimony that de caloric delcended 
from the furface to the bottom of the fluid, and demonftrated, at leaft to my con- 
viction, that fluids can conduct heat. 

Tue progrefs of the heat, however, was very flow, sad attefted the i important 
fa&, for which we ought to be thankful to the einadianas fluids are very bad 
conduétors, 

Tue fecond fet of experiments was calculated to examine, ina very different 


manner, the pofition, That all interchange and communication of heat between the 


particles of fluids is impoffible. 

WueEn a hot and acold fluid are mixed well very foon 
an uniform temperature is produced. This equality muft proceed either from 2 
communication of heat from the warmer to the colder fluid, agreeably to the com- 
mon opinion, or from a perfec intermixture of hot and cold particles, according to 
the notion of Count Rumrorp. To which caufe it ought to be attributed, I con- 
ceived I might difcover, by afcertaining whether, after fuch an intermixture, any 
feparation of the hot and cold portions tool place. If the equilibrium of tempe- 
rature be owing to intermixture without interchange of caloric, the hotter parti- 
cles, as foon as the agitation ceafes, ought, by reafon of their greater rarity, to ac- 
cumulate, to a certain eyes, at the furface, and there exhibit a  tppepeeptore 
above the common one. 

I First tried water, and fluid boiling-hot, with an quantity 
nearly ice-cold, in a ftoppered glafs jar, I fhook them well for a fhort time. 

I tHEw noticed the refulting temperature, and raifing the ball of the thermo- 


meter towards the furface, I had an B epportanity of obferving, that it never rofe 
the 
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flowly, that the caloric entered from the atmofphere with fufi- 


cient quicknefé to prevent any deprefiion temperature. below 


the 39th degree. 

THIs experiment, I may conclude with remarking, is very 
well calculated to exhibit the error of the that 
“ heat has a tendency toaftend.” 

| 


the fmalleft portion of a ones above tiiet common. temperature which had been 
eftablifhed. 

I next made a fimilar experiment with alcohol, feleGing it on account of i its re- 
markable dilatability. I fhook well, for half a minute, a mixture of equal-parts. of 
alcohol at 40° and at The ‘refulting temperature 
of the mafs was 104°. 

Now, if this was a mixture , of particles at seh and at y0%; as the difference of 
{pecific gravity between the fluid at thefe temperatures is very confiderable, fome 
feparation of the warmer and lighter particles from the others, ought, I conceive, 
to have taken place. The temperature of the top, however, never indicated the 
arrival of warmer particles. It never afcended above the point of equilibrium. 

From thefe experiments I concluded, that the uniformity of temperature was 
eftablifhed by an a@tual communication and interchange of heat between the par- 
ticles. 

Ir may not, however, be improper to ftate, man Count Rumrorn, with whom 
feveral years ago I had the pleafure of converfing upon this fubjed, alleged, that 
the intermixture might be fo complete as to prevent any feparation. whatever. 

Ir it be a property effential:to fluidity, that heat cannot-pafs from one. particle 
to another, the particles of different fluids ought to be equally incapable of impart- 
ing caloric mutually to each other. Unfortunately, however, for the {peculation, 
the caloric is fo communicated. Though, @ priors, I entertained no doubts re- 


fpe@ing the refult of the experiment, I poured a quantity of olive oil which had 


been heated‘ by immerfion in a veffel of boiling water-for halfan hour, upon an 
equal volume of water of 38°, and agitated the mixture, by thaking for a quarter 
ofa minute. The common temperature produced was 78°, and the heat had gone 
from the oil into the water ; for when the fluids feparated, and hadarranged them- 
felves according to their Specific gravity, both of them had the fame a 
of 78°. 

THE experiments of the two defcriptions now secotled, left on my mind little 
doubt that the Count had overftrained -his conclufions, 
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“cork, I filled it with water of temperature 40°, and placed .it in 
a pah. . After fufperiding two thermometers, as in experiment 
firft and fecond, I poured a mixture of ice and falt into the pan; 


10 miniute, 38+ 


A begin form Gin the of the plat 
when the water in the axis of the bottom and of tlie top was at 
We learit oni this that cold applied to” lower 
part of a cylinder of water, nearly 18 iaches’ long, and having 
the temperature of 40°, is actually as fpeedily perceived’ at the 
fummit as in the axis of that part, on the external furface of 
which it immediately aéts; As fluids conduét heat fo very tar- 
dily, this can only arife from currents of cooled water afcend- 
ing 


| 
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ing from the bottom, and thefe cold currents cannot move up- . 
wards, were not the water of them i aid lighter than that 
of the incumbent warmer fiuid.. 
THE water, therefore, which at thi cela is cooled by the 
lorie. 

Tuis fall to the as it 

the already. noticed, and alfo precludes another. 1 
have already ftated, that it may perhaps be‘alleged, that the fluid 
at the top, in experiment third, though cooled :to'32° did not 
defcend, becaufe below 40° the contraction is fo trifling, that it 
does not occafion a difference of {pecific gravity fufficiently great 
to caufe the particles to defcend, when oppofed by 1 the j inertia and 
tenacity of the fluid through which they have to fall; or it may 
be conceived, that the defcent is fo tardy, as at is given to 
the ambient air or fubjacent fluid to furnith hea enough to raife 
the temperature of the defcending fiream, and by that arreft i - 
in its downward courfe. 

But from the particulars above recorded, it: is that 
the change of denfity between the temperature of 32° and 40° 
is quite fufficient to put into motion the particles, and to enable 
them to overcome the obftacle arifing from inertia and tenacity, 
_and to withftand the arrefting effets of atmofpheric heat. 

_ TuoucGu thefe experiments, and fome others of ‘a fimilar na- 
ture, carried conviction to my mind, and perfectly; fatisfied me 
ref{peCting the reality of the anomaly of water, I determined to 
vary fommewhat the mode of making the fo. as to ob- 
tain {till more ftriking. refults. 

For the fifth experiment, 1 ufed an apparatus whieh confifted 
of a till taller jar. . It was 21 inches high, and:4 in diameter. 
I adjufted at the middle of its height a perforated: bafon of tin- 
ned iron,, 2 inches 1 in depth, and 10 in diameter. As this bafon 

embraced 


| 


embraced the middle of the jar, I could; by filling it with hot 
water, or a frigorific mixture, apply heat or cold to the middle 
portion of the fluid in the jar, and thence, by the thermometer, 
learn what the: or fluid fhould take. 


Vv. 


I FILLED the jar at 32°. I it upon 
folds of thick carpet, previoufly cooled to the fame degree. The 
air of the room going from 33° to 35°, I introduced two ther- 


- mometers, as in experiments firft and fecond. I then poured. | 


water of temperature 68° into the bafon, and by means of a 
fpout arifing from the fide of it, and a fyphon connected with a 
refervoir of water at the temperature now mentioned, I renewed 
the contents of the bafon but caufing any 
agitation. 


At commencement, 32°; -32°. 33—35 
In 10 minutes, 35 32 | 
— 


38 33 ‘*,* From this time I charged 


— 38 33. the bafon with water of 
—45——— 39—- 33 temperature 88°,and re- 
39+ 44 newed it 


‘a . 


Noruinc can be more decifive with regard to the queftion in 
difpute, than the particulars of this experiment. Heat is applied 
to the middle of a column of ice-cold water, The’ heated por- 
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tion has an equal fhare of the column of cold fluid above it and 
beneath it. There is nothing to determine its courfe in one di- 
rection or another, excepting its actual change of denfity. 

thermometer evinces, that the. warm current fets down- 
wards, and carries the increafed temperature to. the bottom. 

There, this inftrument indicates the fucceffive rife of feveral de- 
grees, before the furface indicates the _— acquifition of 
heat. | 

TuE inference is Plain, that the water is by 
the heat. 
change of the effet of heat is wel illuftrated by 
this experiment. 

No fooner did the inferior portion attain. te temperature of 
39°, than the heated fluid altered its courfe, and, by afcending, 
carried the increafe of temperature very rapidly to the furface, 
fo that it foon furpaffed the bottom, and continued to rife, wile 
the other remained {tationary.. 


EXPERIMENT VI. 


I FILLED the jar ufed in the laft experiment with water of 
temperature 39;°, the air and the fupport being at 39°. Difpo- 
fing the thermometers in the ufual manner, I introduced a mix- 
ture of fnow and falt into the bafon, 


Bottom. Top. Air. 
At commencement, 39.5 39.5 39° 
InIo.minute, . 39+ + | i$=38+ 
36. AY *,* At this time ice 
39 began to be 
39 formed on the 
— an hour and Io min. 39— 34+ fide of thevef- 


— 2 hours, - 39— 33+ 
| THIS 


| 
| 
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Of WATER by HEAT. 4a 


Tuis experiment fpeaks in as decided language as the prece- 
ding. It fhows that when a portion, in the middle of a column | 
of water at temperature 39.5 1s cooled, the colder fluid rifes, and 
does not defcend through the warmer mafs, and prefents the 
unequivocal demonftration, that water of temperature 393° is 
actually expanded by heat. 


THE different which I in 1 detail recorded, 
apree perfectly with each other in the evidence they give relative - 
to the fubject of inquiry. The general import of them is, that 

water which is ice-cold, or a few degrees warmer, when heated, 
- becomes fpecifically heavier,—that water of 40° when heated 
becomes fpecifically lighter,that water above 40°, by the lofs 
of heat, or by cold, is rendered fpecifically heavier; and that 
water below 40° is, by the fame eany — fpecifically 
lighter. 

Sucu being the is irrefiftible, 
that heat, in low temperatures, caufes water to contract, and at 


fuperior temperatures to expand. The opinion, therefore, is — 


founded in truth, that water poffeffes a peculiarity of conftitu- 
tion in relation to the effects of caloric, and that it is, within a 
ihort range of temperature, an exception to the general law 

“ expanfion by heat.” | 

So far as I can judge from thefe experiments, I am difpoted to 
believe that the point at which the change in the conftitution “4 
this fluid in relation to heat takes place, lies. ovate the 394° 
and the 4oth degree. _ 

I AM not at prefent aware of any dieliats to. the here I 
have followed in eftablifhing this fingular anomaly, and in re- 
moving any doubts which may have arifen from the unavoid- 
able influence which the inftrument muft have in the mode of 
conducting the inveftigation that had previonfly been adopted. 

THE plan of operation above defcribed, however, only af- 
certains the fact ; it gives no data for afcertaining the amount of 
the anomalous effect of heat. 

: 3F 2 I 
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-L HAVE already: fated, ‘that M. pe Luc alleged, that from the 


~ temperature of 41°, the expanfion, occafioned by cold. was very 


nearly equal to that produced by the fame number of degrees of 
heat ; and confequently that water poflefles the fame denfity at 


ait, given number of degrees of temperature above and below 


41°. The firft experiments of Mr DaLTon appeared to confirm 
this opinion, and to enlarge the range to which it applied, by 
extending ‘it to temperatures as far below 32°, as water allows 
itfelf to be cooled before it begins to freeze. From one -circum- 
ftance that conftantly occurred, I am imclined to think, that the 
amount of the dilatation by cold.s:inferiar to that coafeniby heat. 

DurinG the heating or-cooling of water below. 40°, the dif- 
ference of témperature between the top and bottom of the fluid 
was lefs than what occurred during the cooling or heating of the 


fluid through tle fame number of degrees. above.it; and I con- 
ceive that, when*other circumftances, but particularly the rate 


of the change, are alike, the difference of temperature between 
the upper and lower parts of the fluid, ‘as it aepuats — may 
a meafure of, the difference of denfity. 

-ALcouoL, when heated or cooled, prefents, by reife of its 
greater expanfibility, a greater difference of temperature in thefe 


fituations than water ; and upon-the fame principle I infer, that" 


water from 40° is more expanded by an vem number of de- 


grees of elevation than of depreffion. 


As the concurrence of the teftimony of the experimehte yebiit 
related with the general: opinion,’ will. probably remove every 
doubt refpecting the matter of faét, it remains a very. difficult 
problem for thofe who are fond of philofophical inveftigation, 


_ to‘explain how heat fhall occafion'in the fame fluid, without pro- 


ducing any alteration of mechanical form or chemical condition, 


‘at one time contraction and at another expanfion, and: to recon- 


cile the contrattive effe& to the conceived notions of the mecha- 


f 


of WAT ER ly HE A 423 
WueEn heat ¢avfes, expanfion,. it-is., imagined ’to.a@ by indu- 


cing a repulfion: among the. particles of bodies, which, oppoli ng 


and overpowering abe: caufes the particles to 
recede. 

In what manner, she, ailditon can or 
allow, the particles of water to approach .each other; and how 
the fubtraction of. it cam make them frétire to'a greater 
I confefs I can in no:meafure:comprehend, 

An explanation, abundantly 'plaufible at firtt. views Very rea- 
dily fuggefts itfelf to every one who is aware of the. great and 


forcible.expanfion which happens to this fluid at the moment of 


its congelation,. It! 118, Sir Bracoen, in the 
paper already quoted.::: of oj tai 

Tue remarkable sehichis water at 
inftant of being converted into: ice, is very generally afcribed, 
and I-prefume very: properly, to a new arrangement which the 
particles, affume, determined. probably by their polarity; by 
which one fide of the particle A ee of. one fide of B, 
while it is repulfive of another. 

Now, if’ this..polarity: operates wich fo energy as to im- 
part almoft irrefiftible expanfive: force at temperature 32°, it is. 
reafonable ‘to fuppofe that it may: begin to exert its influence,. 
though in a far inferior degree, at temperatures fomewhat more: 
elevated. The expanfion, therefore, that takes place, during the 
fall of temperature from 40°, may be imputed to the particles. 
beginning‘or .affeGting to affume that new arrangement which. 
their polarity affigns them, in which thefe 
occupy more fpace than’ before. 

Acarn, when heat-caufes waterof: 32? to contest, the 


fame principle, it may be conceived to-operate, by:counteracting: 
the {mall of: the to: that furvives the: 


| 
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_ 1 am afraid that we cannot feft fatisfied with chis explanation 
| We muft not be deceived by the plaufibility of it. — 

THE ftate of perfect fluidity depends upon the circumftance, 
that the particles of any body admit of ready motion upon each 
other, and that the change of relative —_—— meets with little 
or no-fenfible refiftance. 

"WATER certainly poffefies faidity in a great ini its 
‘particles muft of courfe encounter but little refiftance, as they 
glide the one upon the other. But if thefe particles fhall begin 
to exert any degree of polarity, by which ‘certain faces become 
more difpofed to attach to each other than certain others, this 
tendency would neceffarily oppofe that indifference with regard 
to Pofition, which is effential to fluidity, and of courfe muft im- 
pair the fluidity, and fome of or vifci- 
dity. | 
To appearance, however, water at 32° her’ its. fluidity as per- 

fect as at temperatures confiderably elevated. Unwilling to truft 
to appearance, where experiment might decide, I have attempted 
in various ways to afcertain whether the water fuffers any fen- 
fible diminution in this refpect while it is expanded by cold. 
The following method I deem the moft correct. _ 

_° For the purpofe, I employed a gravimeter, the one Saesieed 
by Mr Nicuotson for the weight and fpecific gra- 
ty of folids. | 

is a convenient unfortunately, it is by 
no means fo ticklifh as a balance. Duly loaded, fo as to be 
equiponderant with the water in which it is plunged, Mr NI- 

CHOLSON fays, it is fenfible to the 2oth part of a grain. The 
one Ihave, though its ftem be flender, is {carcely to lefs 
than two or three twentieths of a grain. 

THE want of fenfibility in the gravimeter arifes, in a a great 
meafure, though not entirely, from a certain degree of tenacity 
fubfifting among the particles of the fluid; and any thing - 

tends 
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tends to increafe this tenacity, mutt, in the fame 2 eho 
augment this want of fenfibility. 

To afcertain whether any fenfible change in the tenacity or 
fluidity accompanies the expanfion of water by cold, which the 
theory requires, I examined the mobility of the inftrument 
when immerfed in water at different temperatures. I firft plun- 
ged it into this fluid, heated to between 60° and 70°. Under 
due loading, which funk it to the mark on the ftem, it was not 
fenfible to a weight lefs than two or three twentieths of a grain. 

I THEN tried it in ice-cold water, and found that its fenfibility 
was in no perceptible degree impaired. The coldnefs of the 
water, it muft be remembered, caufes fome degree of contrac- 
tion of the gravimeter. This contraction cannot fail to render 
the inftrument in fome {mall meafure more fenfible, and, fo far. 
as it goes, to counteract the fluggifhnefs produced by any increa- 
fed tenacity in the fluid. 

But as the body of the inftrument is made of glafs, the- 
amount of the contraction muft be very fmall, and the change 
of fenfibility arifing from it fo very trifling, as certainly by no 
means to obfcure fuch an effect as an increafe of tenacity would 
occafion. I therefore with fome confidence conclude, that the 
fluidity of the water is not fenftbly diminifhed, and confequently 
that the polarity has not begun to exert any fenfible influence ;. 
it can {carcely, therefore, be accounted the caufe of the dilata- 
ton. 


END OF PART SECOND. 
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T been more wid theform which: the” 

“FranGétions of the Society have affumed in this: volume; to» 
arrange. the abftradts and accounts of papers in the order of: the: : 
fubjeéts, than in the order of time. Under each head, the papers : 
are according to the dates of ‘their communication. 
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A ComParison of fome sits ine Diurnal: Varia-- 1799. 
tions of the Barometer, made in PEYROUsE’s' Voyage round the. ... 


Diurnal varia- 


world, with thofe made at was. read _ tions of the ba. 


rometer, : 


| by Profeffor PLAYF AIR. 
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Tue firft of the obfervations here referred to were made by 


_M. LAMANON, an ingenious naturalift who accompanied Pry- 
-RouSE, and who has given an account of them, (fee 4th vo- 


lume of the,Voyage, 8vo edit.), ina letter-to.M, DE CONDORCET, 
dated, St Catherine, 5th November 1785. Dr Batrour’s Ob- 


fervations are in the Afiatic Refearches for 1744, and a fhort ac- 
count of them is alfo inferted in the 4th volume of the Tran/fac- 
tions, R. S, pa. 2 
inftructions from the Academy of Sciences, directing him to keep 
an exact account of the heights,of the barometer in the vicinity 
of the equator at different hours of the day, with a view to dif- 


cover, if poffible, the quantity of. the variation of that inftru- 


ment, due to the attion of the fitn and- méon, that quantity 


being there probably. at its maximum, while the variations arifing 
from other caufes are at their minimum. 


LAMANON was provided.with. one.of.N AIRNE’s marine 
rometers, which, he fays, was fo little affected by the motion of | 
the fhip, that it might be depended on to the +45 of an inch. 


‘In; this: barometer, he tells,us, that from about the 11th degree 


of north latitude, he. began. to perceive a. certain regular motion, 


fo that the mercury ftood higheft about t the middle of the day, 


from. which time it defcended till the. evening, and tofe, again 
during. the. night. As they. approached 1 the equator, this became 
more diftinctly perceptible ; and on the 28th of September, the 
fhip being then in 1° 17’ north latitude, a feries of obfervations 
was begun, and continued. for, every hour till the 1{t of Odtober, - 
at6 A.M. The following abftract fhews the refult of the ob- 


to. 10 As. i obs {it r rofe: 
9. 
From 4 to P.M. 74 

A 29th 
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ébfervations onthe 36th were to: the’ effect ; and 
hence it is concluded that at the equator the flux and reflux of 
the atmofphere produces in the barometer’a variation of about 
line Englith, Seorrefponding, as remarks, to 


a height’ in the atmiofphere of nearly too feet. According: to 


BERNOUILLI, the action of the fun and moon fhould’ produce a 
tide of about feet, and to Mr DE.LA a’ 


made, the moon was in her laft quarter, and: the fun .a few de- 


grees to the fouth of the equator. The .latitude:on the 28th 
was north, and ‘11° north on the 29th; in the night. between 
that and the 30th, the -fhip crofled the lme; and on the 30th 
at noon, the latitude was 42’ fouth: ‘the longitude al! this: while 
between 17° 31 and 18° 33''weft of Paris, by the time-keeper ; 
fo that the: coaft of Africa; which the neareft land, was di- 
ftant of a circle, and the’ continent 


THE thefe, ind Dr R’S 
at Calcutta’ is very remarkable. Dr Batrour found that du- 


ring the whole ‘lunation, in which he obferved the barometer 
from ‘half-hour to half-hour, the mercury conftantly:fell from 
10 at night: to 6 in ‘the morning ; from’ 6 to 10 in the mor- 
ning itrofe; from'10in the morning to 6 at night it fell again ; 
and lafthy, tofe:from 6 to 10 at nights’ The maximum height is 
might and 10 in the» morning, and the muni- 
mum night and 6 in. the. morning. The only difference 
is, that in Mr LAMANon’s obfervations, the minimum is-ftated 
to have happened about 4, -inftead of 6. This, however, will 
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not feem a very material difference\;*when it--is’ remembered, 


that the inftant when any quantityattains either its greateft or 


its leaftiftate is not eafily !afcertained ‘with precifion\ From the 


obfervations as detailed by M. LAmMAnon; the: tittie’ of the mini- 
mum feems to:anfwer fully: aswell to ¢ as to 45: fo-that the dif- 
ference of! the refults:is in every view inconfidérable, and their . 


coincidence, onthe whole; not a little fingwlar, variations 


in Dr BaLrour’s barometer between the neareft! maximum, and 
minimum, is fometimes about +5 sth an in 
confiderably lefs. 
In. the of Dr 8 to 
above, i itis remarked, that it feems not improbable that thefe va- 
riations of the barometer are connected with the reciprocations of 
the fea.and land winds during the day .and night... But whatever | 
may have been formerly the probability of this fuppofition,. it 
is entirely deftroyed by the obfervations of the French -nayi-— 
gators. |. Théfe- obfervationg too far out; fea. to 
leaveroém for fuppofing that the land winds had. any influence 
on the phenomena.to:which they refer. It 1s at: the fame time 
doubtful, whether thofe phenomena:can-be afcribed.to: the atmo- 
fpherical tides: produced:by. ‘the, fun and moon, as the ebbing and 
flowing of the mercury in the barometer appears to have no de- 
pendence. on the pofition of thofe luminaries: relatively to. one 
another, but happens, it would: féem, conftantly at. the fame 
hour; im all afpects.\of the moon and all feafons.of the year;: The 
fubjed is well deferving of a-fuller inveftigation... Wedhould 
probably before now have had farther information réfpecting 
it, if happily the able navigator above: named, and hia brave: af- 


fociates, had: been déftined: -to: revifit their native dhorési:! The 
cruel fate of an.expedition fo well planned; and:fo well:appoint- 


ed for the purpofes of “never to! ‘be: of 


» 
AN 
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AN Account of afi: Aurora Boredlis,:obferved in day-light-at 
Abéffoyle in’ Perththite, onthe roth February 1799; by P.a- 
rrick Gr D, D. minifter of Aberfoyle; was communi+ 
cated by the Reverend Fin gale. 

“ On the 1oth of February t799, about siateachanie aes 3 
o'clock P. M., the fai being’ then‘a ‘full hour ‘above the horizon, 
and fining” swith ‘an ‘obfcure duftre ‘through a leaden-coloured. 
atmofphete, I obferved,” fays Dr'Grauam,“ the tare pheno: 
menon of ‘an arirora’ borealis ‘by day-light.” The wéather, for 


feveral: days before, “had been intenfely cold; and during the 


two preceding days, much faow fallen.» On this-day'a‘thaw 
had icome’onj and’ the ‘temperature of ' the air was mild)’ 
general afpedt of the fey was: ferene, *Sothe- dark -clouds' hung 
the ‘horizon’ between ‘and 'L was intenfely obfer- 
ving: large halo “about: the fans: of abotit’206: ‘degrees Hemi- 
diameter It exhibited the’ prifinatic ‘colours, though ‘obfeurely; 
except ift one quarter, whereit-coincided with the dkirt of a dark 
cloud on the horizon, aloft dire@ly weft.’ In that portion of 
the halo, the colours of the iris were very diftinétly exhibited. 
Wuitst I was attending to this appearance, the whole vifible 
hemifphere: of the heavens became covered witha’ light palith 
vapour; aa at firft'imagined it'to be. It was difpefed an lon- 
gitudinal ftreaks, extending from the weft, by the zenith, and 
all along’ ‘the! towards’ the ny’ ‘examining this | apne car- 
ance ‘more: harfowly, found it? to’ Be‘a true’ aurora Borealis, 
with all'the chara@ers which diftingwith that meteor when’feen 
by night, excepting that it was ‘now entirely” pale: and colourlefs! 


ThE iffued very perceptibly from the 


cloud in' thé weft, on' the Mkirts of which ‘the halo’ exhibited the 
prifinatic colours ; “thence diffafing: themfelves, the rays coniver- 
ged'tow? zenith; ‘and diverged again towards evety quarter 
of ‘the: ; ‘and the’ were equally inftahta- 

and'as’ perteptible as are by night. 


Tuis 


1799- 
Nov. 4. 
An aurora bo- 
realis obferved 

by day-light. 
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1800. 
Jan. 6. 
Phenomenon of . 


interfect- 
10g raimbows. 
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Tuts: appearance continued for more than .20 minutes, al | 
it gradually vanifhed, giving place to thin {cattered vapours, 
which, towards fun-fet, began to overfpread the fky. . Through. 
the enfuing night, I could not difcern thie ‘mablell trace of thefe 
meteors. in. the fky.. io did: 

THis. appearance, I find, is not new: In the 
Regifier for 1789, there is an account, extracted fromthe Philo. 
Sopbical Tran factions, of an aurora borealis feen by day-light in 
Ireland, by. Dr: Henry, Usuer, who, confidering himfelf.as the 
firft-obferver of this phenomenon, . requefts that any perfon to 
whom a fimilar appearance may. occur would communicate his 
obfervations. . There is indeed reafon to believe, that. the phe- 
nomenon occurs not unfrequently ; but unlefs it is attended to 
very accurately, | it will in general efcape obfervation;,nor fhould 
J have ,at this time remarked it, had I not been engaged) in..ob- 
ferving the folar, halo. , Whenever the fky, being for the -mott 
part cloudlefs, is, fuffufed with thin pale vapours, efpecially if 

in,Eaft Lothian in. July laft, was. by 
where.I 9 to in. the, of 
July. laft, our. attention called one evening,. a little before 
funfet, to. a. very large and, beautiful. rainbow, formed. on a 
cloud, which hung over, the, fea, and, from shower, was 
falling at a confiderable. diftance to,the S..E.° The fun,was about 
2°.high, fo that the: arch ;was not. much lefs than a femicircle, 


| with its higheft point elevated about, 49°. At the: point, where 


the. northern extremity, of this.arch, touched. the, horizon, .ano- 

ther arch feemed alfa to {pring from, the, fea, . diverging. from 

the former at an angles of 3° or 4 4°, 0D, the fide toward the fun.. 


| 
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ach did in "it was df the 


fame’ breadth with thé principal‘bow’; it had’ the'colotrs id the 
fame order, and nearly of thé fame brightnefss or, ifany differ- 
ence Was ‘difcernible, it was: that the: tranittion: froin One’ co- 


lour to atiother was tior’made’ with much: delicacy in’ the 


mentioned fainbow as iti the fornie “16! ath 
We’ recolle@ted “tha a fimiilar ‘to! this’ is. defers 
bed in the Philofophi 


ical Tran ifactions, as having -beéti feen at: 
Spithead; and that itis aferibed: ‘by the’ gentleman who obférved 
it to the reflection ‘of the fari’s Fays from the furface ‘of ‘the fea, 

fo as to fall on che ‘cloud: wheteth® rainbow was formed: This? 
before us. Fo sleds rot 


THE ‘adtidental for it be called feen’ 
only ae exttemity where: thie ‘principal’ ‘fe from! che 


fea, and ‘where, Of furi’é rays; ‘reflected from: 
‘the furface’ of the- water; aishat -moment, very {mooth, might 
fall on the drops.of rain... The other parts of the cloud could 
not receive rays fa reflected, as the | land, intervened, : and there, 
accordingly, no. yeltige. of, the was obfer- 

_ THE. accidental.rai ainbow lay, as. was already faid, on, the ‘fide 
toward: the, fun,.and, this i is, agreeable to the h ny E othe! 
rays that, after. reflection from, the, furface of. the water fell « on 


the drops. of rain,. have come as from. a point as much de- 


below. horizon, ag poy was at that inftant, eleya- 


fore ‘have ae ‘with the axis 5 of the princip al, an n angle equal 
to twice the fun’s elevation, and its centre muft have been ele- 


vated by that: fame quantity above the centre of the other, fo’ 


that if it had been complete, it would have been wholly between 
the principal rainbow and the fun. ~ | | 


85. “for, the 
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Tue only circumftance in which the appearances did Not per- 
- fetly correfpond with this hypothefis, was, that the two rain- 
bows did not interfect one another in the horizon, but rather a 
little above it. This, however, ought to have no-great weight, 
as the reflected image of the, fun cannot. have prefented to the 
cloud a difk fo regular and well defined as the’ fun itfelf, and 
_ the accidental rainbow muft have Somewhat participated of this 
 indiftin@inefs. | 

phenomena of this kind occur, it afford, a 
means of trying the juftnefs of the explanation, if the in- 
clination of the two. bows were obferved, and. alfo the fun’s 
altitude at the fame time. Thefe two things are neceflarily 
connected ; for if we call I the angle of their interfeétion, E 
the elevation of the fun, and § the angle fubtended at the eye 
by the femidiameter of the rainbow, if complete, an. angle which 


is conftantly, the fame,, and) nearly equal to,42°, it 18, to 
infer from fpherical trigonometry, that fin; 
CoMPUTING from this formula, the inclination of the two 
bows i in the prefent inftance comes out nearly 5°; ; fomewhat 
greater than I was inclined to eftimate it by the eye.” igo: 
PHENOMENA of this kind can but rarely occur, as the necef- 
fary conditions will not often come together. “The principal | 
rainbow mutt be over the fea; the fea itfelf muft extend fome- 
what on the fide toward Be fun; it muft be fmooth and 
tranquil, and the fun fo low that the light refleéted: from the 
water may be confiderable. Were it ever to happen ‘that the 
accidental bow was completely formed, the effect not fail | 


to be very 


"CHEMISTRY. 
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Sin’ Geonce a paper containing: al 


account of experiments which had on ond wanton 
of the Diamond. 3 | 


Wuart follows is a of this paper ; fie | 


Tue fife of thefe was to tem- 


perature at which the combuftion of the diamond takes place. 
For this: purpofe a diamond, together with a pyrometer of — 


_ WepceEwoop, was placed on a piece of baked clay, and pufhed 
gradually into the muffle: when both were perfeétly red through- 

out, the pyrometer was withdrawn, and indicated 13°. The 
diamond had acquired the dim milky appearance whichis:known 
to indicate an incipient combuftion. It was then replaced in the 
muffle, together with the pyrometer ; and the heat, being flowly 


increafed till a. glow, indicating thatthe diamond was com- 


pletely on fire, appeared, was continued, as equal'as poftible, till 


the diamond ‘was confumed. “pyrometer,) when 
meafured, indicated 14°. In another experiment, the heat re-— 


quired’ to ‘produce the glow was 15°, — 
the diamond ‘was wholly confumed. = ~~ 
SimiLaR experiments were repeated, with different 


and with ‘nearly the fame 'refult, which’ thews that the‘heat re- 


been fuppofed) § fini ‘ods 
Guyton’s experiment iron into means 


Feb. 3. 
On the com- 
buftion of the 
diamond, 


of the dianiond, was ‘repeated in the following manner: Into.a 


hollow cylinder of foft iron, clofed at one’ end, fome {mall dia- 
monds were ‘put, and a topper \of the fame iron being: after- 
wards applied, the two pices were rivetted together at the top. 


| 
| 
| 

| 

| 
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The cylinder being eet placed in a Heifian crucible, and fur- 
rounded with a mixture of dry fand and clay, was fubjected to 
the fire of a fmith’s ee for an hour. When taken out, the 
pyrometer indicated:151° ;. thé upper part of the iron appeared 


‘to have been melted, and. fevoral bright) metallic globules. were, 
feen adhering to the compacted mafs-of fand and. clay. next. the 


iron, . The lower part of ‘the’ cylinder retained its fhapey but 
was bliftered on the furface, except at the bottom, which remain- 
ed fmooth. When the ends were polifhed and touched, with 


diluted nitric acid; they exhibited the {pot charatteriftic of ftecl, 
that on the end which had been fuféd being eonfiderably. dark- 
than the other. The part which had temained,fmooth, after 


being cut off, was heated red hot, and. plunged.into cold. water, 
when it became fo hard, that it:received no impreffion’ from a 
file. Several-cavities were fourid’ the 


diamonds. had: totally difappeareds-:/: tbody died beer 


Tue whole cylinder of foft ‘irdn: 


fteel; one end:of it having been: melted,! was {tate-of 
fteel; the other ed, having was af: of 


time béen led, by:fome: experiments, to doubt.of the con¢lhufive- 
nefs. of ‘thofé ‘madé Guyton, and to fufpec.that; the. dia- 
mond had contributed nothing to.:the converfion ' of, the!.iron 
into fteel, Sir GEORGE. MacKENazIE thought it. to 
direct: fome ‘experiments to the folution. of this queftion. 

préce foft aron,:.in: all tp 
that ufed in the laft experiment, was expofed to thefame degree 
of heat/as in ‘that: experiment; vand ‘with..all. the, circumftances. 
alike} except that the diamonds: were-wanting, |Ehe-refplt was, 
that! the iron was not: altered ini its: fhape‘ or. qualities, had 


4 » 
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152°. Hence it was natural to conclude, that the converfion 
into fteel in, the former experiment, is folely to be attributed, to 


the a¢tion of the diamond. It had been fuggefted by the gen- 


tleman above alluded to, that when foft iron is: expofed to a high © 

temperature), carbon diffolved in; caloric. -penetrates the crucibles, 

and converts the. 1 iron ‘into fteel. To bring this Ahypothedis to 

the teft of experience, it was thought proper to; expofe the foft 

iron to.a {trong heat in ‘an. apparatus. which. mutt exclude. all 

carbonaceous matter, except. fuch as was: fo diffolved. ‘The fub- 

to be. moft likely. to anfwer. was 

the white. fel{par-or adularia ; 3 Dr. Ken REDY,; in-an analyfis of 
this fubftance, having found that it began to be vitrified in.a 

heat-of ga°, fo that there was reafon. to think, that. before. the 

heat was. intenfe- enough 1 to melt the j iron, the. iron would be 

furrounded, by ; a mafs, free. from carbonaceous. matter, sod 
pervious alfo, to, carbon coming from without. 

InTo.a, crucible, made of the. porcelain ‘ey. of, 
well, was. put, felfpar i in fine powder, . and upon this a- 
{mall cylinder. « of. foft iron, after which; the crucible was filled 
with the, elfpar, which therefore: furrounded the iron. on all 
fides. “The, crucible, was then placed:in an air furnace, in which 
the heat was gradually raifed for an. hour,.. and: continued..for 
another. at its, highelt pitch, aes which the. crucible ‘was 
The 3 iron, its fhape and all its 
The felfpar was reduced. to.a. glafs, tranfparent and colourlefs, 
except that,.it;. had Teceived a: where. it .was in: 
contact, with the. i iron,:. besele asd: 

SivERAL other experiments were the view ’ 
as this, but awith the circumftances varied as much as pofli-- 
ble, and in all the refult was the fame; thatis, the iron, without - 


the: prefence. of. fe into fteel ;: fo » 


3 
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that thete appears no reafon to fappofe that foft iron can be 
converted into fteel by penetrating from 
the crucibles, 

Grorce MACKENZIE concludes his account of thefe ve- 
‘ry interefting experiments with the ‘defcription of one which 
appears to be entirely new, and tends {till farther: to 
identity of carbon and diamond. 3 

Havinc prepared fome pure oxide of iron from a {olution 
_ of the fulphate, by precipitation with cauftic ammonia, he mixed 

a {mall quantity of it with one-fourth of its we of diamond 
powder, prepared in the following manner. ope: 

Tue diamond, being reduced to powder i in a fteel mortar, 
was boiled in muriatic acid, to diffolve the iron which might 
have been abraded from jt. After proper edulcoration, it was _ 
heated in a muffle, to burn off the carbon of the fteel, which 
remained after treatment with the acid, and which rendered the 
powder of a grey colour. He obferved the coaly matter take _ 
fire at the edge of the heap of powder ‘next the ftrongeft heat, 
and gradually {pread itfelf, till at laft the whole appeared as if 
burning. The glow through the powder ceafed foon after, and 
on removing it, he found it perfeétly clean and white. From 
the diminution of the original weight of the diamond, he found 
that a part of it had alfo been confumed. | 
mixture of oxide and diamond powder 
was put into a Cornifh-clay crucible, and expofed to a pretty 
ftrong heat for half an hour, after which the oxide ‘was found 
to be reduced into ‘a metallic button of caft-iron*, 

Anoruer portion of ‘the oxide of iron, ‘ufed in this experi- 
ment, was not reduced, when placed i in heed fame circumftances, 
‘without the: diamond. 
_ MIN ERALOGY. 


ate ‘courte: ot that athe point of 
‘iron 1s between 153° and 158° of WEDGwoon’s pyrometer. 


- 
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“MINERALOGY. 


THE Dr late F. T. C. D., 


having fent to Dr Hore a‘célléétion of fpevichens from the north- | 


ern coait of Antrim, with 4 catalogue, and obfervations, the fpe- 
cimens were exhibited, and ad obfervations were read in the 
Royal March’ 803. 


TO 


SILICEOUS BASALT. 


Ricw ARDSON difcovered the fofil to which he gives this 
name in the peniinfata of Portrufh, four’ot five years ago. It 


abounds alfo'in ‘the: Skerry’ iflands, ‘a reef of rocky iflots extend- 


ing from” the northern point of Portruth-head for about a 
mile eaftward. A fmall part of every one of thofe iflots is form- 
ed of this ftone, while the remainder confifts of coarfe bafalt, 


fimilar in all téfpe@s to that on the eaft fide of ‘the above-men- 


tioned peninfula. — It is met with in one or two other places. 
Tuts ftone is arranged in ftrata, from ten to twenty inches 
thick, all fteadily parallel to one another, and every ftratum, as 
far as can be obferved, preferving an uniform thicknefs: through 
its whole 'exterit. When thefe ftrata are quarried into, they ap- 
pear to be conftruéted of large prifms, generally pentagonal, 
which when broken divide into fmaller prifms. This internal 
| prifmatic’ conftruction frequently gives an irregular or fhivery 
appearance to the fracture, which however is often conchoidal, 
and the grain as uniform as in the Giant’s Caufeway bafaltes. 
Tue beds of this foffil are remarkable for containing marine 


exuvie in ‘great abundance; particularly impreffions of cornua 


ammonis. "The flat’ fhells’and‘impreffions contained in thefe 
ftones are fteadily parallel to each other, and: perpendicular ‘to 
the axis of the prifms. It muft be obferved, that the prifmatic 
conftruétion is never interrupted by the fhells — through 
Vor. V.—P. C | it; 


1803. 
March 


Remarks on ‘the 


 bafaltes of the 


Coait of An- 
trim. 


= 
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it; the planes which feparate the prifine paffing equally — 
the fhells and the ftone itfelf. | 

Tue grain of this ftone paffes by infenfible thades from a 
high degree of finenefs, until it become neers from 
that of the common columnar bafaltes. rae 

TueE name of Siliceous Bafalt, which Dr ARDSON 
was firft given to this foflil by Mr Picret of Geneva, when he 
vifited Portrufh, in a tour through Ireland two years ago He 
confidered it as a variety of bafalt, gar a greater: propor- 


_ tion of /ilica tlan ufual. 


Tue ftrata of filiceous bafalt, both at Portrufh and the Skerry 
iflands, generally alternate with ftrata of equal thicknefs of a 
coarfe-grained bafalt of a grey colour. The materials of the 
{trata grow into each other, fo as to form one folid mafs, from 
_ which it is eafy to quarry pieces in the confine of the two ftra- 
ta, with a part of each adhering ; but the coarfe bafalt, as ita 

proaches very near to the fine, always abates fomewhat of its 
coarfenefs ; yet the line of Gemarcation is left completely dif. 
tinct. 
THE peninfala of Portrush lies about miles to the of 
the Giant's Caufeway, and on its eaftern furface: alone 
thefe ftrata. 

‘In the {pace of about 700 as St it exhibits in miniature thofe 
changes and interruptions of the ftrata, which occur on the large 

fcale along the northern bafaltic coaft of Ireland. At the place 
where it emerges from the ftrand, there firft occurs a mafs com- 
pofed of ftrata of the coarfe and filiceous bafalt, placed over 
each other alternately ; this is fucceeded by an accumulation 
of regular ftrata of the coarfe bafalt alone. A fecond alterna- 
tion, and a fecond accumulation of. the coarfe- -grained ftrata, 
come in order, and extend to the well called: Tubber Wherry. | 
Here commences an accumulation of many ftrata of the filiceous 
bafalt alone, which ftretches along the fhore for about 100 
yards, and then changes into a third alternation, which conti- 
| nues 
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neus to the little Port-in-too, near which 
the filiceous bafalt difappears. Over this ftretch, notwithftand- 
ing the frequent change in the arrangement of the ftrata, the 
thicknefs of each ftratum, of both fpecies, remains pretty nearly 
the fame, and the pofition of them all fteadily fo, viz. with a con~ 
fiderable dip to E. N. E. 
Tue weft fide of the peninfula, though only about 400 yards 
diftant, confifts entirely of coarfe bafalt. It fhows a bolder face, 
and is formed of rude maflive pillars from 60 to 80 feet long. — 
“Tam aware,” fays Dr RicHarpson, “ that feveral mineralo- 
gifts deny the fhell-bearing ftone to be bafalt, while others con- 
tend ftrenuoufly that it is. I will not venture to decide on the 
-queftion, but muft remark, that I have never met with it but con- 
tiguous to bafalt, and fo folidly united to this laft, that the con- 
tinuity of the whole mafs was uninterrupted. The grain of the 
ftone graduates, as has been already remarked, into that of the 
“common bafaltes; and the arrangement of it, and that of the ba- » 
falt, with which it is fo much mixed at Portrufh and the Skerry 
- iflands, is exaétly the fame ; the ftrata of each fcarcely differing 
in thicknefs, and not at all in inclination. .The ftrata of both 
kinds break into prifms, and the furfaces, where acceffible, ex- 
hibit the appearance of caufeways, differing only in this, that in 
the filiceous bafalt, the pentagon is the prevalent figure, and in 
the coarfe bafalt, the quadrangle. The fufibility of both ftones 
is alfo nearly the fame; the fhells in the filiceous befalt are cal- 
cined in the fire, and many more are then difcovered which had 
before efcaped the eye 


C2 WHINSTONE 


* Dr RicHagpson obferves, that fome mineralogifts deny that this foffil is ba- 
falt. Several of the members prefent when this paper was read, fome of whom 
had examined the ftone in its native place, were of that number. Tt was rémark- 
ed, that though certain portions of the ftrata of this foflil bore much refemblance 
to fome fpecies of bafalt, by far the greater part of the mafs bore no ‘refemblance 
whatever toany. _ 

It was alfo ftated, that the fubftance of the coarfe-grsined, uadifguted bafalt, 
which i lies between the ftrata of this ftone, does not contain any veftiges of marine 


animals ; 


| 
| 
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WHINSTONE DIKES ON THE COAST oF ANTRIM, 


Dr Richanoson defcribes fome’ ‘particulars in the conftruc- 
tion of the whinftone dikes on the coaft of ‘Antrim, which ap- 
pear fingular, and deferving of attention. dikes, he 
fays, are uniformly formed of large mafhive prifiis’ laid hori- 
zontally, which are always divifible 1 into. fmaller prifms that are 
likewife horizontal. »To prevent confufion, he calls the firft of 
thefe:component pri/ms, and the fecond, or fmaller ones i into which. 
the others break, con/fituent prifms: 

component prifms are fometimes ‘of enormous and 
in the fame dike are nearly equal; the conftituent’ prifms are 
fmall, (the fides about an inch long), and neatly formed.(° 

Tue dike which traverfes the Giant’s Caufeway, differs from 
thofe on other parts of the coaft, by having no™ ‘component 
prifms. It refembles a plain wall, of which ‘the parts fhiver 
under the hammer into very neat conftitueént prifms. “In the : 
dike at Seaport the fame thing’ is obferved ; the prifmatie ftruc- 
ture does not penetrate two inches from i its edge ‘the whole 
4nterior feems an amorphous mafs. | 

~ TueE fpecimens of this latter dike, fent to Dr Hors, exhibit its 
continuity with the adjacent bafaltic rock which it traverfes, and 
alfo the continuity of the fine bafalt of its edge with the granular 
ftone which compofes the middle of the dike. 

Tue dike of Port-coan is a very  folid mafs, compofed. of 
-ftones apparently round, and imbedded in bafaltic pafte, or 
indurated mortar. The round ftones: are formed: of concentric 


{pheres, 
That veins iffue from the of this. bafalt, pervade 
the fuppofed filiceous {pecies ; ; fome of them connedting together. the feparate 
beds of the real bafalt ; others. dying : away in flender. ‘ramifications, as they rife 
through the interpofed ftratum. In no initance 3 is this reverfed : The veins nevet 
proceed from what is called the Siliceous Bafalt. It was farther obferved, that 
both the fracture and external furface of this ftone exhibit a ftratified ftruature, in 
many inftances, which never happens j in the true bafaltes,. 


‘ 
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fpheres, like the coats.of ,an.onion; they exceed a foot in dia- 
meter, and, together with the mortar by. which they are united, 
they form a very compact and highly indurated rock. _ 

_ thefe; large dikes, Dr RicHARDSON remarks, that 
veins from half an inch, to, an inch and a half thick,, often cut. 
the bafaltic, ftrata on that coatt in. all diredtions. ‘The materials 
of thefe veins are ‘never, the fame with the contiguous bafalt, 
_ but are, generally finer. At Portruth i is a. large vein, and near 
it a fmaller vein, not an inch thick, which, proceeding from be- 


terminates, in the, rock, it the furface.. 


fromia quarry. in a mafs of bafale at Ballylugan, | two miles fouth | 
of Portrufh:, This bafalt contains fmall cavities in its interior ; 
many of them full of frefh water, which guthes out -when the : 
 ftone is: broken - -by.the hammer, as if it had. been i in a ftate 
of comprefflion. _The ftone is fo. hard, and, flies fo in pieces, 
that Dr Ricuarpson has not been able to called any of the 
“water, forthe purpofe of analyfis. 
Tue face of the quarry in which. this soles a the bafale is 
found is about 15 feet high, and is cut into a ftratum, the 
thicknefs of which is not yet afcertained. » The rock is entirely 
columnar, the pillars fomewhat fmaller than thofe of the 
Giant’s Caufeway, lefs perfe&t, not articulated, fometimes 
bent, and varioufly inclined. “The fides and the interior of 
the pillars are full of cavities. In confequence of the obfervations. 
of Dr Hamitton and Mr WuIrenurst refpeéting ‘the porous 
texture of the-air or bladder holes of the bafaltes of the Caufe- 
way and its vicinity, Dr RicHARDSON has examined a great va-. 
cavities, 
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“cavities in the interior of the bafaltic rocks on’ this evil, though 


Tue laft variety of whinftoiis enumerated by Dr aii. 
son is the Ochrous, which makes, as he fays,a confpicuous figure 
in the ftupendous precipices along the coaft of Antrim. It is dif 
pofed in extenfive ftrata of every thicknefs, from an inch to 


_ twenty-four feet, and varies in one from a bright: minium 
to a dull ferruginous brown, 


THREE remarks are made by Dr Rictianpson, that are un- 


_ doubtedly of importance, and fhow that this ftone is merely 


bafalt in a certain ftate of decompofition. 
1, THE ochrous ftrata are extenfive ; they remain always pa- 
rallel to the bafalt ftrata which they Gearate; they unite to the 


bafalt without interrupting its folidity ; the change from the 


one to the other is fudden, and the lines of demarkation are di- 
ftiné. The ochrous ftone is never found but contiguous to 
other bafalt. 

2. THE fubftarices imbedded in rock, andj in bas 
falts,.are exactly the fame; calcareous fpar, zeolite, cmicodeny, 
| 

3. Amonc the vatleties which this rock prefentn; thete may 
be found every intermediate ftage between found bafalt and 
perfect ochre. The change is often — we with 
veins and flender ramifications. 


ALGEBRA. 


‘Rute for reducing to a Continued Fration the Square Root of - 


any given Integer Number, not a Square. By James Ivory, 
Communicated roth January 


“1. Ler N be the given integer number, and salen 
the fquare next lefs than N; and, for the fake of mpiPraey, 
put P° = R° = 0, 

a. TAKE 


} 
| 
| 
| | 
| 
| 


sig OF 


HISTORY of the SOCIETY. ar 


TAKE Ps for.a and an—R° = for a 


dividend. Let the quotient be »’, and remainder R’. 


3. TAKE for a divifor, and 


a dividend. Let the quotient be »’ and. the remainder R’. _ 


4. TAKE P” =P —(R’—R’) xp’ for a divifor, and 


for dividend, .. the be > and the remain- 
der R” 


divifor being found from the formula = 


(RPO? — Ret) x the correfponding dividend 


an—R*; and. the quotient of the divifion being 


denoted by #’, and the remainder by Rr. But it will only be 


neceflary to continue thefe. o 


ons till we arrive-at a value 


Pr= P* = 1, which will always neceflarily be the cafe, After 


this, the feries of numbers, p/**, w/t, u/t3, will neceffarily be 


peated in their order. . 


THE rule be shortly exprefied i in algebraic language, 


thus : | 

P = 20=P'XK +R’; 

=1 an—R' =P’ Xp’ +R’; 
andfoom = 


continued fraétion fought, 


And the fra@tion may be continued indefinitely, by repeating 


the denominators ++» continually 1 in their order. 
EXAMPLE 


| 
| 
| 
| 
| 
| 
VN=pt+— 
3 
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I. Te reduce the I 3 to a cotitimued 


| iw mist oft bas YG botoush 


Here I ftop, becaufe, pr— Ts ‘andT condlude that the fiac- 
fought i is formed’ by the nunibers, that 
is, by the numbers 65 -Tepeatedin ‘their :or- 


I 
I 


EXAMPLE ‘To V61 toa cominned fradtion 
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P= 4—1X(2—3) = = Pr = 5, =2,R" = =1. 


rag —2x(3—1) = 55 Piz Rv = 3. 
pes s—aX(1—3) = = 9; r+3; P= = 9, =I, R™ =2 
P=s—1X(3—2) = =45 = m= 3, R™ = 0, 


Hers I ftop, becaufe P**= P? = 1. And the num- 


bers fought is, 1, 4, 35 T, 2, 4, 1, 35 4,1, 14. 

On turning to page 378 of the Englith of 
Algebra, it will be found that the table there given vagesage of 
the two feries of numbers, P°, P’, P’, &e: and p, pw’, 
Tuts rule is the more of notice, that it 
by certain definite arithmetical operations: whereas the me- 
thod of M. DE 1a GrRanGE determines the numbers, p’, 
&c. by appreciating the value of certain expreffions to the near- 
eft unit, or by a procefs that is in fome. meafure tentative, and 
therefore not analytical. 


“SURGERY. 


Mr Russe account of a fingular variety of Hernia 


which occurred to him while he was delivering clinical le€tures 
in conjunction with Dr Brown and MrTuomson. Mr THom- 


son diffected the parts with great care and accuracy, and difco- 


vered certain pecttaritics, which makes the knowledge of this 
VoL. V.—P. variety 


A fingular 


variety of her- 


nia. 


| 
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variety a real addition to the pathology of the difeafe.. It isa 


modification of Inguinal Hernia. But as the ‘circumftances 
of difference are con{tant and effential; it may fairly be regard- 


ed as a diftiné fpecies. In the common cafes of inguinal her- 
~ nia, the vifcera which are to form the. protrufion: enter the up- 


per and internal orifice of the abdominal ring, along with the 
{permatic cord, accompany the cord through the whole length 


_ of the paflage, and come. out-along with it at. the inferior and 


external orifice of the ring. Thus thé hernia is formed by the 


dilatation of a natural paffage. But in’ this new and hitherto 
_undefcribed variety, the vifcera burft. through the common pa- 


rietes of the abdomen, exaétly oppofite to the lower and external 
orifice of the ring; where they come into contact with the fper- 
matic cord, and defcend along with it directly into the {crotum. 
This hernia, therefore, refembles a ventral. hernia in its com- 


mencement, by beginning to protrude where there is no natural 


opening ; and it refembles an inguinal hernia, by pafling through 
the lower and external orifice of the abdominal ring, where the 
protrufion of the common inguinal hernia is completed, - Thus 


— it is a hernia of a mixed nature, forming an intermediate. fpecies 


between a fimple and pure ventral elias and ane. common and 
perfect inguinal hernia. 

ANOTHER effential circumftance af the 
hernia with regard to the courfe of the epigaftric artery. In 
ordinary cafes of inguinal hernia, the epigaftric artery runs on 
the infide of the hernia, but in this variety it conftantly runs on 
the outfide, This leads to fome important confiderations in 
practice, though Mr Russet did not enter fully into, the appli- 
cations of the peculiarities, either to. prattical points, or to the 
explanation of various curious. In Be hiftory of 
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‘Tue letter from, the Abbé Maxx w was, ead 8th 


To the Prefdent and of the Royal Society of Edinburgh. 


THE following few notes, ‘concerning the Chartreuje of Perth, 
of no merit but as they regard an exiguous part of the Scotith 
hiftory, were. made in the Auftrian Netherlands, from: original 
manufcripts now fwallowed up by. the revolution of thofe coun- 
tries, and for ever loft. That thefe fhort extraéts may not like- 
wife fall into oblivion in a foreign country, they are offered, 
with great refpect, to the learned Royal Society of Scotland, br 

moft obedient humble fervant, 


A. MANN, ER & 


ACTA MAN USCRIPTORUM Vallis Virrorum, in 

Prior | 

THE Scots hiftoriane fay that King Teilis I, of Scotland 
founded ‘with ‘great coft and. magnificence the Carthufian mona- 
ftery near Perth, and endowed it with large revenues ; and alfo, 
that he was in he thereof 


Ex Colledaneis PETRI DE i. 9  penes Carth. Bruxel- 
lenfem. 

+ So “Short Hitorica sod Genealogical Account, 
P. 64. 65. Scottith Compend, p. 18. 


1799. 
June 18. 
Conceining the 


Chartreule of | 
Perth. 


° 

| 

| 

| 

| 

| 

| 
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Corp, primus Prior in Scotia, fuit i impri- 
mis Carthufiz majoris Vicarius; fubindé Domis Virtutum in 
Scotia, Prior primus effeétus. Fuit acer ingenio, do¢trina prz- 
clarus, ‘vite {an@timonia eximius. Inter alia multa, condidit 


_pro-correctura, librorumque Ordinis Carthufiani correctoribus, 


opus imprimis utile, multisque acceptum, et junioribus mona- 
chis perneceffarium ; utpote quod in lecturis fuis eos probé 
dirigere queat. Poftquam autem diutinos in fufcepto regimine 
fufcepiffet labores, tandem coram pofitis fratribus ac orantibus, 
diem claufit extremum, anno irae tricefimo ‘quarto pott mille 


| quadringentos.”’ 


Osut D. Oswarpus primus Prior. Hots Vallis. Virtutum 


Scotia, profeffus domtis Hortus Chrifti, deinde vicarjus Ma- 


OrpINATIO CAPITULI GENERALIS, ANNI M,CCCC,II. 


“ Domus Vallis Virtutum in Scotia, ad inftantiam Vicarii et 


Conventis, eximitur 4 provincia Picardie remotioris, et provin- 
cia Gebennenfi 1 ingorporacur, et fub fpeciali cura Reverendi Pa- 
tris (Generalis) ponitur 


From this time (1442) the Chartreufe of the Vale of Vi rtues 
near Perth, was annumerated in the province of the Graude 
Chartreufe, or of Geneva, as it was anciently called, after ha- 
ving been annexed for twelve years to the abt of the Low 
Countries. 

1442. “ Mortuo Priore, i in 
Vallis Virtutum, a capitulo generali, Dom. Laurentius HEN- 
TON, profeflus dicte domis, non, obftante quéd predidtus in 
dine Ciftercienfi fuit fuper quo cum illo difpenfatur 


148 


* Ex Chartis Copituli Generalis Ordinis Cartal, anni i 143 
» Ex Charta Capituli Generalis, anni 1442. 
Ibid. Ex Chartis Capituli Gen, Ord. Cart, 1489. 
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1489. Ostrr D. Ricw. GAERGEN, monachus profeffus do- 
mis Axholme, Prior Domiis Vallis Virtutum in Scotia.” 
1502," D. Ros, BELLINTON, profeffus Domis Vallis Virtutum. 
in Scotia, et fingularis benefa€tor ejus, obiit 21. Septembris. 
Alias fuit abbas Sanét Crucis, ordinis Sancr1 
1518: Ros. Danson, profeflus Doms! Mount-grace ; 
alias procurator Vallis Virtutum in Scotiaa 
Asout this time, natural of King James v. of 
Scotland, by Ex1zaBeTu, daughter of Joun, Earl of Lennox, 
was. Prior of the Charter-houfe at Perth 
In the year 1559, after the preaching of Joun Knox, fays 
SrreD +, the Charter-houfe at Perth, which was the faireft ab+ — 
bey in the realm of Scotland, was deftroyed. | 
1561. “ Ultimus Prior Domis Virtutum fait D. heisia For- 
MAN, qui cum anno 1561, effet procurator Domis Belnz, miffus 
fuit cum Patribus Guit. Rupre, procuratore domis Aurai, et 
priore Domi Rofz, a Capitulo Genérali ordinis, 
ad vifitandum defolatam et deftructam Domum Vallis Virtutum 
i Scotia ; Priorque faétus aliquandiu latitans, domis negotia 
prout poterat adminiftrabat, ufque ad annum 1562 {.” AEE 
tiz | 
| “ Oprtt D. Gui. Craren, ultinvs profeffus Domis. 
Vallis Virtutum in Scotia, hofpes in domo Vallis profundi ||.” 
1593. “ Reverendiffimus: in Chrifto Pater D. 
 CHERSOLM Dumblanenfis §, profeffus majoris ( Carthufiz (propé 


Gratianopolim),, 


Stewart's. Hiftorical Account, p..90.. 

+ Speed’s Hiftory of England, p. 1137. _ 

Ex Colleétaniis. Petri de Wale, MSS.. penes Cartufiam. vol tii. 
p 185. 

|| Ex Chartis Capituli Gen. Ord. Cartufienfis.. 

4, Ex Colleftaneis ejufd. de Wale, vol. iii. p. 24,. 


* 
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-Gratianopolim), Prior Carthufie Rome, et procurator generalis 


ordinis; alias Prior Santi Spiritis Lugduni, ante ordinis 


greflum Baro. Sub Scotiz defeCtionem, Romam fe conferens, 
_atque epifcopali dignitate fe abdicari, impetrato 4 Summo Pon- 


tifice (qui eum ad altiorem gradum promovere ftudebat). con- 
fenfu, ad Majorem Carthufiam contendit, in qua monachus pro- 
feffus ad annos aliquot quam humillimé vixit, conferens fubin- 
de ordines facros fuis confratribus. Miffus quoque fuit Lega- 
tus ad JAcosuM, Scotiz regem, quem ex facro fonte olim fufce- 
perat, fcribitur rem fecifle. _Fuit 


N.B. The. above are. that I con- 
cerning the Carthufian Order in Scotland. There appears no- 
where the leaft trace or mention of any other Chartreufe having 
ever exifted in that — ee the above Vale f Virtues 


| 


To the above information by the Abbé Mann, a com- 
munication from the Reverend James Scott, one of the mi- 


nifters of Perth, and a learned Scotifh antiquary, enables us 


to add, that the Chartreufe of Perth was a very confiderable 
edifice, copied from the Grande Chartreufe in Dauphiny, though 


ona fmaller fcale, and fituated at the weft end of the town, on | 


the {pot where the King’s Hofpital now ftands. . It therefore 
occupied a beautiful fituation, and one not unworthy of a colo- 
ny from the faireft feat of monattic. PatCEMENE, No vettiges of 
the building now remain. ; 

TuE letter of the Prior of the Grande Chartrente § is {till extant, 


addrefled to Jamzs I. of Scotland, ‘authorifing the erection of 


this religious eftablifhment, and dire¢ting that the prior of the 
Carthufian Monaftery of the Mount ah bn Grace at psd in York- 
> 
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fhire, fhould fend two of his monks to fuperintend the conftruc- 
tion of the building. “This letter is dated in 1426. The demo- 
lition of the religious houfes at Perth began in 1559. ADAM 
FormAN, the laft prior, and fome other of the monks who did 
not adopt the reformed religion, retired to Errol, not far diftant, 
where they pofleffed a confiderable property. ‘This was  proba- 
bly after the date of 1562, mentioned above. 


? 
‘ 


AccounT of the term SKuLt or SKOLL as ufed in old Writings, 


being an Article. in the Etymological Dictionary of the 


ifh Language, propofed to be publifhed by the Reverend 
J D. D. Read 


Tue work, of: which this ¢ communication is to make a part, 


is intended to illuftrate the affinity of the language {po- 
ken in the’low country of Scotland, with the Saxon, the 
Iflandic, ‘and ‘other dialeéts of the Gothic. The  import- 
ance of this undertaking cannot be queftioned. Etymology is 


often the only light by which we can trace the migrations of ~ 


the early inhabitants of countries, and, in the prefent inftance, 


may afford the explanation of a Yeading fa@ in the hiftory of 
this ifland, viz. the eftablifhment of the language. i in queftion | 
over all the low part of Scotland, from a period of very remote 


antiquity, while the Gaelic was the language of the mountain- 


ous, part. The is an. from. Dr 


; 


1803.. 

April.’ 
Explanation of: 
the old word 
Skull or fholl, 


| 
| 
| | 
| 
| 
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“ SKUL, SKULL, Skout. I. A goblet or r large bowl, for con~ 
taining of any kind. 


The Troiane women ftude with hare doun fchaik 
About the bere, weping with mony allake : 

And on we keft of warme milk mony a /kul, 

And of the blude of facrifice coupis ful: 

The faule we bery in fepulture on this wyfe, 
The lattir halefing fyne loud f{choutit thrys. 


Douc.. Vi ing. 20. 


As coupis to pateras in the original, Skul is for 
cymbia, which Doucuas elfewhere renders in this manner ; | 


Tua filver coppis fchapin Like ane bote. 


We are not, however, hence to conclude, that the word full ne- 
ceflarily denoted a veffel of this form ; for he — ufes it, 
with flagon, in rendering 


For i ioy lee pingil shan for till renew 

Thare bankettis with al obferuance dew ; 

And for thir tithingis, in fakoun and in feull, 
fkynk the and wauchtis cowpis full. 


210. 


2. THE term has been ichcatcnlicatbs ufed to denote the falu- 


tation of one who is prefent, or the refpect paid to an abfent 


perfon, by exprefling a wifh for his health ; while he who does 
fo at the fame time partakes of the drink that is ufed by the 
company, in token of his cordiality. This is what is now called 
“ drinking one’s health.” In this fenfe it occurs in the account 
of Gowrie’s confpiracy, publifhed by royal authority. ‘ The 


kinge 


d 


tertaynements in other countries, yet hee would teach him the 


.Scottifh fafhion, feeing he was a Scottifh man; and. therefore, 


fince he had. forgotten to drinke to his Majeftie, or fit with his 
guefts and entertayne them, his Majeftie would drinke to him 


his owne welcome, defiring hime to take it forth and drink to ; 


the reft of the in name to make 
welcome.”. 


“ When they had dined, Earl of came 


from his Majefties chamber, to drink his /col/ to my Lord Duke 


and the reft of the company, which he ‘did. And immediately — 
after the /coll had paffed about, this deponent.raife from the ta- 


ble, to have waited upon his Majefty, conform to his former 


direction,” &c. p. 196. 227. Perth edit. 1774. In Cromarty’s 
edition there is the following note, ‘‘ Sco//, the word ufed then 
for drinking a health.” The paflage itfelf is alfo differently — 


expreffed in this edition. ‘“ The Earl of Gowrie came from his 


Majefty’s chamber tothe ball, and called for wine, and faid that — 
he was dire&led from bis Majefty’s chamber to drink his to. 


Lord Duke,” &c. Hiftorical Account, p. 40. 3 
As it is faid, that‘ Gowr1£ came from his Majefties 


to drink his fcoll to my Lord Duke,” it has been fuppofed that © 


the king defired them to drink his health in his abfence: But in 
what way foever the paflage be read, it does not appear that this 
isthe meaning. ‘The relative 41s, might be underftood in refe- 
rence to Gowri himfelf ; as intimating that the king defired 
the Earl to go and welcome the company to his houfey by drink- 
ing to them. But although i it be viewed as referring to J AmEs, 


2s it is immediately connected’ with ‘thefé. words, came from 


his Majefties chamber,” it will not follow, that it was the king’s 
defire that his own health fhould be drunk. | From what he had 


previoufly faid to Gowrl£ with refpeé to his omiffion, i it is evi- 


VoL. V, —P. If. 7 E 
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king called for drinke, in amerry and homely manner fayde_ 
to the Earle, that although the Earle had feen the fafhion of en- 


A 
| i 
| 
| 
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dent that this is not the fenfe of the language. He, ina jocu- 
lar way, reprehended the Earl for not drinking to him ; “ defi- 
ring him to take it forth, (that is, the drink formerly mention- 
ed) and drink ¢o the reft of the company.” . Therefore, even 
admitting that the expreflion 42s /coll means the king’s {coll, we 
cannot with propriety fuppofe that any thing more is meant, 
than that Gowrie went to the antichamber, to convey to the no- 
blemen and gentlemen who were there, his Majefty’s faluta- 
tion ; or, as expreffed in the narrative, ‘ to drink.to the reft of 
the company, and in his Majefty’s name” to give them that . 
welcome, which he had neglected to give them in his own. 
_Tuus it appears, that the term, primarily denoting a veflel for 
containing liquor, was, in confequence of the cuftoms connett- 
ed with drinking, at length ufed to fignify the mutual expref- 
fions of regard employed by thofe engaged in compotation, or 
their united wifhes for the health and profperity of one indivi- 
dual, diftinguifhed in rank, or peculiarly endeared to them all, 
whether he were prefent or abfent. » 
HAVE met with one paflage in which that the fing’s 
Jfrole, is diftin@tly ufed in the fenfe which has beén improperly 
attached to the phrafe already confidered. . After the Bridge of 
Berwick had been rebuilt in the year 1621, “ Sir Wittiam 
BEYER, mayor of the town, ftayed the taking away of the cen- 
tries, and putting in the keyftone, till the king’s /kole were drunk 
at that part of the bridge.” CaLpERwoon’s Hif. p. 787. But 
_ the expreffion, although equivalent to what is now called drink- 
ing the 4ing’s health, feems ftrictly to fignify, drinking the hing’ s 
 eup, or a cup in honour of the king. 
_ For we are not to fuppofe, that the word Proll has any primary 
or proper relation to health or profperity. This would be to- 
tally repugnant to analogy ;- as will appear from a comparifon 


of our term. — its cognates.in the other Northern languaes. 


| 
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Skal, fkaal, feylidi, Aleman. feala,Germ. /chale, SuioGoth. 
and Dan. /kaal, all fignify a cup, a bowl, or drinking veffel. 
From thé Gothic nations, this word feems to have patled to the 
Celtic. For, in the Cornifh has the fame meaning, being 
rendered by Luavyp patera, Ruppiman, in his Gloflary to 
Doucras’s Virgil; mentions the verb to /kole or /kolt, as ufed 
Scot. Bor. in the fenfe of pocula exinanire. ‘This verb has un- 
doubtedly been formed from the noun. In the North of Scot- 
land, alfo, Riel ftill denotes a tub; thus a wathing-tub is called 
a wafbing-fkiel, The tubs ufed by brewers for cooling their 
wort, are in like manner called j/kie/s. It affords a {trong pre- 
fumption that this is originally the fame word with /koll, fkull, 
immediately under confideration, that the goblet employed by 
the inhabitants of the north for preparing their a/e for imme- 
diate ufe, is called kalt-fkaal. This feems to-intimate, that- our 
ufe of the term, with refpect to the operation of brewing, con- 


tains an allufion to its more ancient appropriation. “ Ka/t/kaal, 


eodem tropo illis quo Sueonibus eft patera, in qua frigidus cere- 
vifiz potus in zftate, et calidus in hieme fieri folet.” Loccenit 
Antiq. Sue-Goth. p. 96. | 

Ir may be added, that /kie/ is ftill ‘lad in Orkney. as the name 
_ of a flaggon, or wooden drinking veffel with a handle. - 

Skull is a term-of general ufe in Scotland for a bafket of a fe- 
mi-circular form. It was ufed in this fenfe fo early as the time 


 Fifh wyves cry and caft feulls and fkeills.”’ 
| li. ps 59. ft. 23. 


{t is suhahies that /kiel was ufed by him as if it had been fyio- 
nymous, becaufe of the alliteration.’ Or, from the refemblance 
with refpeét to form, it may aétually have been ufed in the 
fame fenfe in his time. Eng. Sééllet, a {mall kettle or boiler, 

| might 


| | 
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might appear at firft view to have fome affinity. But it feems: 


immediately formed from Fr. ¢/culette, a porringer ; and: this 
again from Ital. /cudella, ufed.in the fame fenfe, This is deri- 
ved from Lat. /cutula, which was a kind .of concave vedflel, 


afaucer. The learned Inre, in his Glfarium SuioGotbicum, 


views thefe French, Italian, and. Latin: -words, as: allied to 
Gothic /kaa/.. But it is furprifing, that he fhould confider fkaal 
itfelf as formed, per cra/in, from Lat. /cutula, . The quotations he 
has himfelf made for illuftrating this word, ‘certainly fupplied 


_ him with a far more ‘natural etymon. But before proceeding 


to this, it may be remarked. as a fngular analogy, that, accord- 

ing to ATHEN £Us, liv, iv. Gr. oxaaasoy is a {mall cup, and exes 

is equivalent to cxaiev, which fignifies a drinking-veflel, 
Ir is highly probable, that a cup or bowl received this name 


from the barbarous cuftom which prevailed among feveral an- 


cient nations, of drinking out of the fkulls of their enemies. 
WarnErrip, in his work De Geftis Longobard., fays, ‘ ALBIN” 
flew CunimuND; and having carried away his head, converted 
it into.a drinking-veflel ; which kind of cup is with us called 
febala, but in the Latin language it has the name of patera,” 
lib. 1. cap. 27. The fame thing is afferted of the Boii by Livy, 
lib. xxiii. c. 24.3 of the Scythians by HERoporus, lib. ix. ; of 
their defcendants the Scordifci, by Rurus Festus in Breviari ;. 
of the Gauls by Dioporus SicuLus, lib. v.; of the ven by 
SrLius ITALicus, lib. xiv. 


At Celta vacul circumdare gaudent, 
Offa, nefas! auro, et menfis ea pocula fervant. 
Vide Septentr. p. 


Hence RaGNnar in his death-fong, confoles him- 
felf with this reflection ;. “ I fhall foon drink beer from, the hol- 


made of St os. Literat. Daa, p. 
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Tux. fame word in. SuioG,: both a fkull (craniam), 
and a drinking-vellel. . This obfervation is equally applicable to 


Germ, /cbale. But is fo unfavourable to this derivation, — 


principally, as it would appear; from) its exhibiting our Gothic 
anceitors. as. fo-extremely barbarous, that he.confiders:the human 
{kull as receiving the name of fkaa/ froin its refemblance :to’ the 
paterasor bowl, This.is furely to invert: the natural order: Al- 


though the: Northern nations ‘were greatly addicted to inebriety, 
yet we can fearcely fuppofe that they found it neceflaty to ‘bor- 


row.a name for their fkulls from their; drinking-veffels.. The 


{kull itfelf -feems to have: received this defignation from ‘its ‘re-. 


femblance to a jbell, in Ang. Sax. /ceala, fcala, Belg. Sebaele, 
Germ. /chele, Ifl..fkael, SuioG. and Dan. Ailled: to this i is 
Moefo-Goth. fkaljos; the tiling of a roof. | 


objects to this etymon, not. on the the 


inhumanity of the cuftom fuppofed to be alluded to’; but efpe= 


cially, fays, becanfe -he:does not find that the Jfeaal is 
ufed by ancient writers, as denoting a memorial -potation, or 


the act of drinking in honour of fome diftinguithed perfonage ; 
adding; that mivue and full are the terms ufed by old Iflandic 
fuppofing this to be true, it will not difprove 
the: antiquity of the word. | Nothing: «more could reafonably’ be 
inferred, than that /kaal, in more early ages, had retained its 
original and proper figuification, as it is ufed in the other fenfe 
only by a ftrong metonymy. It was natural to prefer miane ; 


for, as literally fignifying memory, it fimply and dire@ly fuggett- 


ed the reafon of this; particular :mode ‘of ‘drinking: ‘Nor need 
we be furprifed, although: they: even’ preferred the other term 
full ; not only,as the figure is Jefe ftrong; to fpeak of : drinking 
the fill of.:a:;cup, than of) drinking the’ cup itfelf; but alfo be- 
caufe it; referred, to, ‘the -eftablifhed ‘cuftom! with: refpea to-this 
draught, that the cup'mutt and: be:completely evacuated. 

This is: ‘only to ree the ifandic me to have been for fome 


time. 


; | 
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‘time ftationary in its meaning, in the fame manner with our — 


full or feroll. For there is not the flighteft evidence that, in the 
age of GAwIN DovucLas, it was in that 


which it bore a century afterwards) 


Bor it is aftonifhing, that this writer, he his 
quoted WaARNEFRID, fhould lay any ftrefs on this’ éircum- 
ftance, “ He does not find that the word /kaa/ is ufed by ancient 


_ writers.” And can he deny this character to WARNEFRID, who 


flourifhed about the year 774? Does not he fay that this kind 


_ of cup, made of a human fkull, is by the Goths called Sebale: >. 


Can any Scandinavian writer be produced, who ufes ‘minne and 


full, to the exclufion of /kaa/, in an earlier ‘age? There is no evi- 


dence that either of thefe. terms was written for fome ages after. 
WARNEFRID was not only a'writer of great reputation, but 
himfelf a Goth ; and his pofitive teftimony is furely far prefe- 
rable to the negative evidence deduced from pofterior writers. 
Although it could be proved, as it cannot, that the term was 
not ufed, in that early period, in the particular fenfe referred 
to, it would by no means follow, that it was unknown in its 
fimple fignification, as denoting a drinking-veflel. As the Lon- 
gobardi were a Gothic nation, it is extremely improbable, that a 
term which had fo fingular an origin would be unknown to 
other nations belonging to the fame race; although, without 
any reafon that we can fee, it — be more ufed. sees one nation 
than by another. 
Nort only is the meaning of this term, as it occurs in other 
Northern languages, preferved in ours ; but the figurative fenfe 
is alfo the fame. Thus, Loccrntus tells us, nomen in 
his feptentrionalibus locis adhuc ita remanet, ut.dritka JSrala, 
i. bibere pateram, metonymice dicatur, quando bibitur alicu- 
jus honori et memoriz, quod ex hoc vafculo quondam. frequen- 
tius fieri fuetum, notio vocis indicat.” Antig. Sueo:Goth, p. 96. 
‘‘In compotations,” fays “ the name of /kaal is given to 
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the memory of the abfent, or the falutation of thofe who are 
prefent, which goes round in the time of drinking ;’* or more 
fully, “ dricka ens fkaal.’’ As Dan. j/kaal fignifies a bowl or 
drinking-veffel ; at dricka ens Jraal is to drink .one’s health. 
Voc. fkaal, In istponvs we find the phrafe, “ ‘Calices et alia, 
poculorum genera.” Origin. lib. xx. c. 5. 

In the fame manner did the ancient Goths exprefs their re- | 
gard to their fovereigns. They drank the Aing’s feoll. Hence 
WaARNEFRID relates, that when GRIMAOLD, King of the Lom- 

bards, had determined to kill BerTARIDUus, after he was over- 
powered with wine, the minifters of the palace being ordered 
to bring to him liquors, with difhes of various kinds, afked of 
him, in the king’s name, to drink a full bowl in honour of him. . 
But he, fufpecting the fnare, fecretly procured that it fhould be 
filled with water. Immediately, promifing that he would: drink 
it off in honour of the king, he made a libation, by pouring out 
alittle of the water. De Ge/fis Longobard. lib. v. Thefe /Rolls 
in honour of the king, as we learn from Loccentus, they ufed: 

 alfo to Ubi fupra.. 
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BIOGRAPHICAL | of the late Dr James Horton, 
F. R. 


“(Read by Mr Puayr AIR, 10th Fanuary 1803.] 


\R JAMES HUTTON was the fon of Mr Witt1am Hot- 
Ton, merchant in Edinburgh, and was born in that city 
onthe 3d of June 1726. 


the office of City Treafurer, died while JamEs was very young. 
The care of her fon’s education devolved of courfe on Mrs 
Hutton, who appears to have been well qualified for difcharging 


this double portion of parental duty. She refolved to beftow — 


on him a liberal education, and fent him firft to the High 
School of Edinburgh, and afterwards to the Univerfity, where 
he entered as a ftudent of humanity in November 1740. 

Or the mafters under whom he ftudied there, MACLAURIN 


was by far the moft eminent, and Dr Hurron, though he had _ 
cultivated the mathematical {ciences lefs than any other, never 


mentioned the leCtures of that celebrated Beate but in terms 
of high admiration. | 


He ufed alfo to his to Profeffor Srz- 
VENSON’S Preleétions on Logic; not fo much, however, for ha- 


ving made him a logician as a chemift.. The faét that gold is 


diffolved in aqua. regia, and that two acids which can each of 
VoL, V.—P. III. F them 


His father, a man highly refpected © 
for his good fenfe and integrity, and who for fome years held 
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them fingly diffolve any of the bafer metals, muft unite their | 
{trength before they can attack the-moft precious, was mention- 
ed by the Profeffor as an illuftration of fome general do¢trine. 
The inftinet of penis, fo, enabled Mr HutTon,. 
young as he then was, to feel, probably, rather than to under- 
f{tand, the importance of this phenomenon; and as if, by the - 
original conftitution of his mind, a kind -of elective attraction | 


‘had drawn him towards chemiftry, he ‘became from “that mo- 


ment attached to it by a force that could never afterwards be 
ovtrcome. He made an immediate fearch for books that might 


give him fome farther inftru@ion concerning the fa@ which he 


had juft heard of ; but the only one he could procure, for a long 
time, was Harris’s Lexicon Téchnicum, the predeceflor of thofe 
voluminous. compilations which havé fince contributed fo much 
more to extend the furfacé, than to increafe the folidity of 
fcience. It was from the imperfet fketch contained in that 
dictionary, that he detived his firft knowledge of chemiftry, his 


Jove for which never forfook him afterwards, and was‘in truth 3 


the propenfity which decided: the courfe and: @-complezion 
of his future life. 


his tafte and pa for inftrudion’s were 


ly confpicuous during‘his:courfe of academieal: ftudy, his: friends 
withed him rather to purfue: bufinefs than This ‘was a 
meafure by no means ‘congenial to: his he 
in it without difficulty. (tid 2" 
ACCORDINGLY, in 1743 he: an: with 


Mr GEoRGE Cu ALMERS, writer-to the Signet; and: fubjeGtion’ to 


the routine of a laborious: about check 
the ardour and reprefs the originality of a mind formed ‘for dif- 
ferent purfuits. But happily the force of genius cannot always 
be controlled by the. plans of a-narrow and thort-fighted pru- 
dence. The young man’s::propenfity ‘to: ‘ftudy‘continued, ‘and 
he'was often found ‘and. his fellow 
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with chemical experiments, when he fhould have been copying 
papers, or ftudying the forms of legal proceedings ; fo that Mr 


CHALMERS ‘foon’ pereeived that the bufinefs of a writer was not 


that in- which he was ‘deftined to fucceed: With much’ good 
fenfe and: kindnefs, therefore,’ he advifed*him to think of fome 
employment better fuited to his turn of mind, and releafed 
him from the obligations which he “had come under as his ap- 
prentice. In this he did an ‘effential fervice to feience, ahd to 
tlie young man himfelf. A man of talents may follow’ any pro- 
feflion with advantage ; a man of will fuecéed but 

in that which nature has pointed out.” 10 
_ Tue ftudy of medicine, as being’ the moft nearly allied to 
chemiftry, was that to which young Hutton now refolved to 


dedicate his ‘time. ° He began that’ ftudy under Dr Grorce 


Young, the father of the late Dr Tuomas Younc, and at the 
fame time attended the’ lectures in the Univerfity. This courfe 
of medical inftruétion he followed from 1744 to 174700 

_ THtoucH a regular {chool of medicine had now been eftablith- 
ed in the Univerfity of Edinburgh for feveral : years, the fyftem 
of medical education was neither in reality,’ nor in the opinion 
of the world, fo complete as it has fince become. | Some part of 
a phyfician’s ftudies was ftill to be profecuted on the Continent ; 
and:accordingly, in the end of 1747, Mr Huron repaired to 
Paris, where’ he purfued with ‘great ardour the ftudies of che- 
miftry and anatomy. After remaining ‘in that metropolis near- 
ly two years, he returned by the way of the Low Countries, and 
took the ‘degree’ of Dotter of Medicine at Leyden iin September 


think ferioufly of fettling inthe’ world. His native city, 
to which: his courte were firft-turhed, afforded no ‘very 
flattering for his eftablifhment as a phyfician. The 
F 2 bufinele 
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bufinefs there was in the hands of a few eminent pradtitioners 
who had been long eftablifhed ; fo that no opening was left for 
a young man whofe merit was yet. unknown, who had no 
powerful conne¢tions to affift him on his firft outfet, and very 
little of that patient and circumfpect activity by which a man 
_pufhes himfelf forward in the world. 

THESE confiderations feem to have made a very dien vane 
fion on his mind, and he wrote on the fubjeét of his future pro- — 
{pects with confiderable anxiety to his friends in Edinburgh. 

OnE of thefe friends was Mr JaMEs Davie, a young man 
nearly of his own age, with whom he had early contra¢ted a 
very intimate friendfhip, that endured through the whole of his 
life, without interruption, to the mutual benefit of both. The 
turn which both of them had for chemical experiments formed. 
their firft conneétion, and cémented it afterwards. They had * 
begun together to make experiments on the nature and produc- 
tion of fal ammoniac. Thefe experiments had led to fome va- 
luable difcoveries, and had been farther purfued by Mr Davig 
during Dr Hutron’s abfence. The refult afforded a reafon- 
able expectation of eftablifhing a profitable coterie of the 
falt juft named from coal-foot. = 

TuE project of this eftablifhment was Mr 
DaviE to his friend, who was ftill in London, and it appears to 
have leffened his anxiety about fettling as a phyfician, and pro-— 
bably was one of the main caufes of his laying afide all thoughts 
of that profeffion. Perhaps, too, on a nearer view, he did not 
find that the practice of medicine would afford him that leifure 
for purfuing chemical and other fcientific objeéts, which. he 
fancied it would do when he faw things at a greater diftance. 
Whatever was the caufe, it is certain that foon after his return 
to Edinburgh in fummer 1750, he abandoned entirely his views 
of the practice of and. to to 
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_ Tue motives which determined him i in the choice of the lat- | 


ter, cannot now be traced with certainty. He inherited from 
his father a fmall property in Berwickshire, and this might fug- 
geft to him the bufinefs of hufbandry. But we ought rather, I 
think, to look for the motives that influenced him, in the fimpli- 
_ city of his charaéter, and the moderation of his views, than in 
external circumftances. To one who; in the maturity of under= 
ftanding, has leifure to look round on the various employments | 
which exercife the {kill and induftry of man, if his mind is in- | 
| dependent and unambitious, and if he has no facrifice to make to. 
vanity or avarice, the profeffion of a farmer may feem fairly en- 
titled to a preference above all others. This was exactly the 
cafe of Dr Hutton, and he appears to have been confirmed in. 
his choice by the acquaintance which he made about that time. 
with Sir Joun Haut of Dunglafs, a gentleman of the fame 


county, a man of ingenuity and tafte for {cience, and alfo much. - 


with the management of country affairs. 

As he was never difpofed to do any thing by halves, he de- 
alt to ftudy rural economy in the fchool which was then. 
reckoned the beft, and in the manner which is undoubtedly the. 
moft effeGtual. He went into Norfolk, and fixed his. refidence for 
fome time in that country, living in the houfe of a.farmer, who: 


ferved both for his landlord and his inftruétor. This he did in. 


17523 and many years afterwards I have often heard him men- 
tion, with great refpeét, the name of Joun Dyzozp, at whofe 
houfe he had lived with much comfort, and whofe practical 
leffons in hufbandry he highly valued. He appears, indeed, to. 
have enjoyed this fituation very much: the fimple and plain. 
charaéter of the fociety with which he mingled, fuited well 
with his.own, and the peafants of Norfolk would find nothing 
in the ftranger to fet them at a diftance from him, or to make. 
them treat him with referve. It ‘was always true of Dr Hut-. 
TON;, 
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ToN, that to an ordinary man he appeared to be an ordinary 
man, poffefling a little more fpirit and. livelinefs, perhaps, than 


it is ufual to meet with. Thefe. circumftances made ‘this’ refi- 


dence in Norfolk greatly to his mind, and there was accordingly — 


no period of ‘his life to which he more frequently afluded, in 
converfation with his friends; often defcribing, with fingular 
_ Vivacity, the rural {ports and little adventures, which, in the in- 
tervals of labour, formed the amufement of their fociety. 
“Waite his head-quarters were thus eftablifhed in Norfolk, 
he made niany journeys on foot into different parts of England ; 
and though the main objeét of thefe was to obtain information 


in agriculture, yet it was in the courfe of them that to amufe 


himfelf on the road, he firft began to ftudy mineralogy or geo- 
logy. Ina letter to Sir Joun Hatt, he fays that he was be 
come very fond of ftudying the furface of the earth, and was 
looking with anxious caniey | into every pit, or ditch, or bed 
of a river that fell in his way ; “ and that if he did not always 
avoid the fate of THALES, his misfortune was certainly not ow- 
ing to the fame caufe.” This letter is from Yarmouth ; it has 
no date, but it is plain from circumftances, that i it muft have 
been written in 1753. 

Wuar he learned ‘in Norfolk made him defirous of vifiting 
Flanders, the country in Europe where good hufbandry i is of the 
oldeft date. He accordingly fet out on a tour in that country, 
early in fpring 1754, and trayelling from Rotterdam through 
~ Holland, Brabant, Flanders, and ‘Picardy, he returned to Eng- 


_ land about the middle of fummer. He appears to have been 


highly delighted with the garden culture’ which he ‘found to 
prevail in Holland and Flanders, but not fo as to ‘undervalue 
what he had learnt in England. He fays i in a letter to Sir Joun 


HALL, written foon after his arrival in London, " Had 1 doubt- . 


ed of it before I fet out, I fhould have returned fully convinced 
that they are good hufbandmen in Norfolk.” 


THOUGH 


| 

| 

| 

| 

| 

| 


LIFE of Dr HUTTON. 


‘Tuovew his principal objec i in this excurfion was to acquire 


information in the practice’ of hufbandry, he appears to have 
beftowed a good deal of attention on the mineralogy of the 
countries through which he paffed, and has taken notice in-his 


the Earth of feverabot the which he made. 


at that time. 


-AsouT the end of. the to Scotland, and 
hefitated a while in the choice of a fituation where he might 


beft carry-into effe&t his plans of agricultural improvement. At 


laft he fixed on his own farm in Berwickfhire, and accordingly 


fet about bringing: it into order with great vigour and effect. 
A ploughman whom he brought from Norfolk fet the firft ex- 


ample of good tillage which had been feen in that diftri€, and 


Dr Hurrow has the credit of being one-of thofé who introduced 


the new hufbandry into a country where it has fince made more 


rapid advances than in any other part of Great Britain. 


From this ‘time till about the year 1768, he refided for ide 


moft part on his farm, vifiting Edinburgh, however, occafional- 
ly. The tranquillity of rural life affords. few materials - for 


biographical defeription; and an excurfion to the North: of 
Scotland, which:he-made in‘1764, ‘is one-of, ‘the few. incidents 
which mark: an interval ‘of fourteen years, pafled moftly 
the retirement of the country... He:made this tour in com- 
pany with Commiffioner afterwards Sir GEorGE CLERK, a -gen- 
tleman diftinguifhed for his abilities‘and worth, with whom Dr 
Hurrow ‘had ‘the happinefs to live invhabits of ithe 'moft inti- 
mate friendfhip.’: They fet out by the way-of Orieff, Dalwhin- 
nie, Fort :Auguftus, ‘and Invernefs from thence they proceeded 
through Eaft-Rofs into Caithnefs, and.returned along ‘the -coaft. 
by: Aberdeen to Edinburgh. In this journey Dr Hutton’schief 
object was mineralogy, or ‘whictr he was now: 


with 


; 
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For-feveral years before this period, Dr Hutton was con- 
cerned in the fal-athmoniac work, which had been actually efta- 
blifhed on the foundation of the experiments already mentioned, 
but remained in Mr Daviz’s name, only, till 1765: at that time 
a copartnerfhip was regularly entered into, and the work carried 
on afterwards in the name of both. 

HE now found that his farm was brought i into the segular 
-order which good hufbandry requires, and that as the manage- 
ment of it became more eafy, it grew.lefs interefting.. “An oc- 
_-cafion offering of letting it to advantage, he availed himfelf of 
it. About the year 1768 he left Berwickfhire entirely, and be- 
refident in Edinburgh, giving his undivided attention 
from that time to fcientific purfuits. 

other advantages which refulted to this 
change of refidence, we muft reckon that of being able to enjoy, 
with lefs interruption, the fociety of his literary friends, among 
whom were Dr Biack, Mr RussEtx, profeffor of Natural Philo- 
fophy, Profeffor Apam Fercuson, Sir Greorce CiErk, alrea- 
dy mentioned, his brother Mr CLErxk of Elden, Dr James Linn, 
now of Windfor, and feveral others, Employed in maturing his 
views, and ftudying nature with unwearied application, he now 
paffed his time moft ufefully and agreeably to himfelf, but in 
filence and obfcurity with refpeét to the world. He was,. per- 
haps, in the moft enviable fituation in which a man of fcience 


can be placed, ‘He was in the midft of a literary fociety a 


men of the firft abilities, to all of whom he was peculiarly ac- 
ceptable, as bringing along with him a vaft fund of informa- 
tion and originality, combined with that gayety and animation — 
which fo rarely accompany the profounder attainments of 
{cience.. Free from the interruption of profeflional avocations, 
he enjoyed the entire command of his own time, and had fuffi- 
cient energy of mind to afford himfelf continual occupation. _ 
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A Goon deal of his leifure was now employed in the profecu- 


tion of chemical experiments. In one of thefe experiments, 
which he has no where mentioned himfelf, but which 1 have 


heard of from Dr Brack, he difcovered that mineral alkali is 
contained in zeolite. On boiling the gelatinous fubftance ob- 


tained from combining that foffil with muriatic acid, he found | 


that, after evaporation, fea-falt was formed. Dr Biack did not 
recollect exaétly the date of this experiment, but from circum- 
{tances judged that it was earlier than 1772: It is, if I miftake 


not, the firft inftance of an alkali being difcovered in a ftony 


body. The experiments of M. Ktarrotn and Dr Kennepy 


have confirmed this conclufion, and led to. others of the _ 
kind. 


In 1774 he made a tour through part of England and 


Wales, of which, I find no memorandum whatever among 


his papers. I know, however, that at this time he vifited the 
{alt-mines in Chefhire, and made the curious obfervation of 
the concentric circles marked on the roof of thefe mines, to 
which he has referred in his Theory of the Earth, as affording a 
proof that the falt rock was not formed from mere aqueous 
depofition. His friend Mr Watt of Birmingham accompanied 
him in his vifit to the mines. : 

Ir was after returning to Birmingham ven Chethire, that he 
Geeuiile the tour into Wales. One of the objects of this tour, 
as I learnt from himfelf, was to difcover the origin of the hard 
gravel of granulated quartz, which is found in fuch vaft abun- 
dance in the foil about Birmingham, and indeed over a great 

tract of the central part of England. This gravel is fo unlike 
that which belongs to a country of {écondary formation, that it 
very much excited his curiofity ; and his prefent journey was 
undertaken with a view to find out whether among the primi- 
tive mountains of Wales, there were any that might be fuppo- 


fed to have furnifhed the materials of it. In Wales, however, 
VoL, V.—P. III. G he 
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he faw none-that could, with any probability, be fappofed to 
have done fo ; and he was equally unfuccefsful in all the other 
parts he wifited, till returning, at a {mall diftance from Birming- — 
ham, the place from whence he had-fet out; he found a rock 
of the very kind which he had. been in fearch of.” It belongs 
to a body of {trata apparently primary, which. -break out be- 
_ tween Broomfgrove and Birmingham, and have all the cha- 
racters of the indurated gravel in queftion. ‘If, however, they 
have furnifhed the materials of that gravel, it feems probable 
that it has’ been through | the. medium of the red sag 
which abounds in thofe countries *. . | 
In 1777 Dr Hutton’s firft publication was given to the 
world, viz. a {mall pamphlet, intituled, Confiderations on the 
Nature, Quality, and DiftinGions of Goal and Culm. This little 
work, an o¢tavo pamphlet of 37.pages, was occafioned by a 
queftion that had arifen, Whether the fimall coal of Scotland is 
the fame with the culm of England ?.: and, Whether of courfe, 
like the latter, it is entitled, when carried coaftwife, to an ex- 
erfiption from the duty on coal? Some of the {mall coal from 
the Frith of Forth, which had been carried to the northern . 
counties for the purpofe of burning lime, had been confidered 
by the revenue officers as liable to: the fame duty with other 
— coal, while the proprietors contended that :it .oughti only to pay 
the lighter duty levied on culm. This was .warmly difputed ; 
and after occupying for fome time. the attention of the Board 
of Cuftoms in was laft: brought: the’ 
Council. Sop. tgode lick odd mi sons 
‘Dr, Horton’ 8 ‘pamphlet! to: 
tion neceflary for forming) a judgment. on; this queéftion, It is 
very ingenious and fatisfagory;, though perhaps, confidering the 
for it was: it is on ‘too dejentifit: ai 


* Illuftrations of the Huttonian Theory, P- 37S 
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and too ftriGly to the rules of philofophical 


analyfis. It proves that culm is the {mall, or refufe; of the infufis 


ble; or ftone coal, fuch as that of Scotland for the moft part is; . 


that the fmall of the fufible coal, by caking or uniting together, 
becomes equally ferviceable with the large: coal; whereas the 
‘fmall of the infufible, by rurining down like loofe fand, cannot 
be made to burn in the ordinary way, and is ufeful but for 
few purpofes, fo that it has been’ properly exempted from the 
ufual duty on coal. A criterion is alfo pointed out for deter- 


mining when fmall coal is to be regarded as culm, and when > 


it may be confidered as coal ;—if, when a handful of it is thrown 
into a red-hot fhovel, the pieces burn without melting down or 
running together, it decidedly belongs to the former *. 


_ In the conclufion; an exemption from duty was obtained for 
the fimall coal of Scotland, when carried coaftwife, and this re- 


gulation was owing in a great ‘degree to the fatisfactory infor- 
mation contained in’ Dr HutTTon’s pamphlet. © It was a ftep, 
alfo, toward the entire abolition of thofe injudicious duties 
which had been fo long levied on coal, when carried by fea’ Be- 
‘yond a certain diftance from its native place. This abolition 
happened. feveral “years after the period we are {peaking of, 
much to the benefit of the country, and to the credit of nce 98 
miniftration under which it took place. 

Dr Huron always took a warm intereft in con- 
cerned’the advancement of the arts, particularly in his native 
country, he entered with great zeal into thé project of an inter- 
nial navigation between the Friths of Forth and Clyde. The 
comparative merit of the different plans, according to which 
that work was to be executed; gave rife to a good deal of diftuf- 


and even Tn thefe debates Dr Hotrow 


| k 


* A few copies of the Confderations on Culm are ftill to be found in the ran of 
C, Exxiot, Edinburgh. 
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took a fhare, and wrote feveral pieces, in which the grave and 


the ludicrous were both occafionally employed. None of thefe 


pieces have been publifhed ; but the plan that was in the end — 
adopted was that in favour of which they were written. It is 
unneceflary, however, to enter into the merits of a queftion | 
which has long ceafed to intereft the public. 

From the time of fixing his refidence in Edinburgh, Dr Hut- 
TON had been a member of the Philofophical Society, known to 
the world by the three volumes of phyfical and literary effays fo 
much and fo juftly efteemed *. In that fociety he read feveral 


“papers; but it was during the time that elapfed between the 
‘publication of the laft of the volumes juft mentioned, and the — 
incorporation of the Philofophical into the Royal Society of 


Edinburgh; which laft was eftablifhed by a royal charter i in 178 3. 
None of thefe papers have been publifhed, except one in the 
fecond volume of the Tranfaétions of the Royal Society, “* On cer- 


tain Natural Appearances of the Ground on the Hill of Arthur’s 


ve at, 99. 

THE inftitution of the Royal Society of Edinburgh had di 
good effect of calling forth from Dr Hutron the firft fketch of a 
theory of the earth, the formation of which had been the great ob- 
ject of his life. From the date formerly mentioned, when he was 
yet a very young man, and making excurfions on foot through 
the different counties of England, till that which we are now 


arrived at, a period of about thirty years, he had never ceafed to 


ftudy the natural hiftory of the globe, with a view of afcertain- 
7 ing 

*® TuE Philofophical Society was inftituted about the year 1739. The firft vo- 
lume of Effays was publifhed in 1754; the fecond in 1756; the third in 1771. 


From the year 1777,to 1782, the meetings of the Society were pretty regular, much 
owing to the zeal of Lord Kames. Mr Mac iaurin may be regarded as the 


- founder of this Society. 
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ing the changes that have taken place on its furface, and of dif- 
covering the caufes by which they have been produced. 

He had become a fkilful mineralogift, and had examined the — 
great facts of geology with his own eyes, and with the moft 
careful and fcrupulous obfervation. In the courfe of thefe ftu- 
dies he had brought together a confiderable collection of mine- 
rals peculiarly calculated to illuftrate the changes which foffil 
bodies have undergone. He had alfo carefully perufed almoft 
every book of travels from which any thing was to be learned 
concerning the natural hiftory of the earth; and, in confequence 
both of reading and obfervation, was eminently {killed in phy- 
fical geography. 

IF to all this it be added, that Dr Horro was a good ‘che- 
-mift, and poffeffed abilities excellently adapted to philofo, 
phical refearch, it will be acknowledged, that few men have en~ 
tered with better preparation on the arduous tafk of inveftiga- 
ting the true theory of the earth. Several years before the time _ 
Jam now {peaking of, he had completed the great outline of — 
his fyftem, but had communicated it to very few ; [ believe to 
none but his friends Dr Buack and Mr Cierk of Elden. 
Though fortified in his opinion by their agreement with him, 
(and it was the agreement of men eminently qualified to judge), 
yet he was in no hafte to publifh his theory; for he was 
one of thofe who are much more delighted with the contempla- 
tion of truth, than with the praife of having difcovered it. It 
might therefore have been a long time before he had given any 
thing on this fubject to the public, had not his zeal for fupport- 
ing a recent inftitution which he thought of importance to the 
progrefs of fcience in his own country induced him to come 
forward, and to communicate to ane Royal Society a concife ac- 
count of his theory of the earth. 
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As I have treated of this theory in a feparate Effay, particu- 
larly deftined to the illuftration of it, I fhall here content rier aa 
with a very general outline. 

‘I. The object of Dr Hutron was not, like of moft 
other theorifts, to explain the ‘firft origin of things. He was 
too well fkilled in the rules of found philofophy for fuch an 
attempt; and he accordingly confined his fpeculations to thofe 
changes which terreftrial bodies have undergone fince the efta- 
-blifhment of the prefent order, in as far as: difting marks of 
fuch changes are now to be difeovered. © 

Wits this view, the firft general fa& which he 
is, that by far the greater part of the bodies which compofe’ the 
exterior cruft of our globe, beat the marks of being formed out 
of the materials of mineral or organized bodies, of more ancient 
date. : The fpoils or the wreck of an older world are every 
where vifible’in the prefent, and, though not found in every 
piece of rock, they are diffufed fo generally as to leave no doubt 
that the ftrata which now compofe our continents are all forni- 
ed out of {trata more ancient than themfelves. 

II. The prefent rocks, with the exceptions of fuch as are not 
{tratified, having all exifted in the form of loofe matérials colle@- 
ed at the bottom of the fea, muft have been confolidated ‘and con- 
verted into ftone by virtue of fome very powerful and general 
agent. The confolidating caufe which he points out is fubrer- 
raneous heat, and he has removed the objections to this hypo- 
thefis by: the introdu@tion of a principle new and peculiar to 
himfelf. This: principle is the compreflion which have 
prevailed i in that region where the confolidation of minerat fub- 
{tances was accomplifhed. Under the ‘weight of a fuperincum- 
bent ocean, heat, however intenfe, might unable’ to volatilize 
any part of thofe fubftances which, at the ‘furface, and under 
the lighter preflure of our atmofphere, it can entirely co fume. 
The fame preflure, by forcing thofe fubftances to remain uni- 


ted, 


| 

} 


ted, which at the furface are ealily might-occafion- the 
fufion of forme bodies which in our fires are only calcined. 
Hence the objections that are fo ftrong and unanfwerable, when | 
oppofed to the theory of :volcanic fire, as ufually laid down, have 
no force at all againft Dr Hutron’s theory; and hence-we are 
to confider this theory as‘hardly lefs diftinguifhed from the hy- 
pothefis of the Vulcanifts, in the ufual fenfe of that appellation, _ 
than it is from that of or the difciples of. 
. WER 

hire fact on this theory i is 
is, that the ftratified rocks, inftead of being either horizontal, or 
nearly fo, as they no: doubt were originally, are now found pof- 
fefling all degrees of elevation, and fome of them even perpen- 
dicular to the horizon ; to which we muft add, that thofe ftrata 
which were once at the: bottom of the fea are now raifed up, 
many of them, feveral thoufand feet above its furface.. From 
this, as well as from the inflexions, the breaking and feparation 
of the ftrata, it is inferred, that they have been raifed up by the 
action of fome expanfive force placed under them. This force, 
which has burft in pieces the folid pavement on which the 
ocean refts, and has raifed up rocks from the bottom of the fea, 
into-mountains 15,000 feet above its furface, exceeds any which 
we fee actually-exerted, but feems to come nearer to the -caufe 
of the volcano or the earthquake than to any other, of which the 
effects are direétly obferved. .The immenfe difturbance, there- 
fore, of the ftrata, is in this theory afcribed to heat acting with 
an expanfive rei why rocks whith i it had be- 
fore: confolidated. | 

kingdom abounds, thofe great breaches among rocks, which are- 
filled with materials different from the rock on either fide, are 
among the moft confpicuous.' Thefe are the veins, and com-. 
not metallic veins, but alfo thofe of whin- 


ftone,, 
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ftone, of porphyry, and of granite, all of them fubftances more 
or lefs cryftallized, and none of them containing the remains of 
organized bodies. Thefe are of pofterior formation to the ftrata 
which they interfect, and in general alfo they carry with them 
the marks of the violence with which they have come into their 
place, and of the difturbance which they have produced on the 
rocks already formed. The materials of all thefe veins Dr Hut- 
TON concludes to have been melted by fubterraneous. heat, and, 
while in fufion, inje€ted among the fiffures and openings of 
rocks already formed, but yams are and moved from their 
original place. 

conclufion he to all the mafies of 
- porphyry, and granite, which are interpofed among ftrata, or — 

_raifed up in pyramids, as they often appear to be, through the 
- midft of them. Thus, in the fufion and injedtion of the un- 
{tratified rocks, we have the third and laft of the great opera- 
tions which heat has on mineral fub- 
-ftances. 

V. From this Dr Hutron proceeds to confider the changes 
to which mineral bodies are fubje&t when raifed into the atmo- 
f phere. Here he finds, without any exception, that they are all 
going to decay; that from the fhore of the fea to the top of the 
mountain, from the fofteft clay to the hardeft quartz, all are 
wafting and undergoing a feparation of their parts. The bo- 
dies thus refolved into their elements, whether chemical or me- 
chanical, are carried down by the rivers to the fea, and are there 
depofited. Nothing is exempted from this general law: among 
the higheft mountains and the hardeft rocks, its effects are moft 
clearly difcerned; and it is on the objects which appear the moft 
durable and fixed, that the characters: of revolution are moft 
deeply imprinted. | 

ON comparing the firft and the laft of jut 


enumerated, it is impoflible not to perceive that they-are two 
par 
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fteps of the fame frogreffive, and that mineral fubftances are al- 
ternately diffolved and renewed. Thefe viciflitudes may have been 
often repeated; and there are not wanting remains among mine- 
ral. bodies, that lead us back to continents from which the pre- 
fent are the third in fucceflion. Here,.then, we have a feries of 
great natural revolutions in the condition of the earth’s furface, 
of which, as the author of this theory has remarked, we neither 
fee the beginning nor the end; and this circumftance accords 
well with what is known AGRE 2 other parts of the economy — 
of the world. . In the continuation of the different {pecies of 
animals and vegetables that inhabit the earth, we difcern nei- 
ther a beginning nor an end; and in the planetary motions, 
where. geometry has carried the eye fo far both into the future 
and the paft, we difcover no mark either of the commencement 
or termination of the prefent order. It is unreafonable, indeed, 
to fuppofe that fuch marks fhould any where exift. The Author 
of nature has not given laws to.the univerfe, which, like the 
inftitutions of men, carry in themfelves the elements of their 
own deftruétion ; he has not permitted in his works any fymp- 
tom of infancy or of old age, or any fign by which we may 
eftimate either their future or their paft duration. He may put 
an end, as he no doubt gave a beginning, to the prefent fyftem, 
at fome. determinate period of time ; but we may reft affured, 
that this great cataftrophe will not be brought about by the laws 
now exifting, and that it is not indicated wie sd Fes which we 
perceive. | 
Ir would be to trace the an author's 
mind i in the formation of a fyftem where fo many new and en- 
larged views of nature occur, and where fo much originality is 
difplayed. On this fubje@, however, Dr HuTron’s papers do 
not afford fo much information as might be wifhed for, though 
fomething may be learnt from a few fketches of an Effay on the 
Natural Hiftory of the Earth, evidently written at a very early 
period, and intended, it would feem, for parts of an extenfive 
‘Vor. V.—P. H work,» 
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work, of which, as often happens with the firft attempts to ge- 
neralize, the plan was never executed, and ee never have been 
accurately digefted. 
_ From thefe fketches1 itappears that the firft of the propofiiicas | 
jutt enumerated, viz. that a vaft proportion of the prefent rocks 
is compofed of materials afforded by the deftruction of bodies, 
animal, vegetable, and mineral, of more ancient formation, was | 
the firft conclufion that he drew from his obfervations. | 
Tue fecond feems to have been, that all the prefent rocks 
are without exception going to decay, and their materials de- 
{cending into the ocean. Thefe two propofitions, which are the 
extreme points, as it were, of his fyftem, appear, as to the order 
in which they became known, to have preceded all the reft. 
They were neither of them, even at that time, entirely new pro- 
- pofitions, though, in the condué of the inveftigation, and in the 
ufe made of them, a great deal of originality was difplayed. 
The comparifon of them naturally fuggefted to a mind not 
fettered by prejudice, nor fwayed by authority, that they are 
two fteps of the fame progreffion ; and ‘that, as the prefent con- 
tinents are compofed from the wafte of more ancient’ land, fo, 
from the deftru¢tion of them, future continents may be deftined 
to arife. Dr Hutton aceordingly,.in the notes to which I al- 
lude, infifts much on the perfect agreement of the ftru€ture of 
the beds of grit or fandftone, with that of the banks of uncon- 
folidated fand now formed on our fhores, and fhéews that thefe 
bodies differ from one another in stars! but their mga 
nefs and induration. 
generalizing thefe appearances, he: a ftep farther, | 
confidering thie fucceflion-of continents as net confined to one 
er two examples, but as indefinitely extended, and the confe- 
quence of laws perpetually aéting. Thus he arrived at the new 
and fublime conclufien, which reprefents nature as: ‘haying pro- 
weed for a conftant facceflion of land on the furface of the earth, 
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according to a plan having no natural termination, but calcula- 
ted to endure as long as thofe beneficent purpofes, for which the | 
whole is deftined, fhall continue to exift. 
Tuts conclufion, however, was but a faggeftion, cil the me- 
chanifm. was inquired into by which this grand renovation may 
_ be brought about, or by which loofe materials can be converted 
into ftone, and elevated into land. This led to an inveftigation 
of the mineralizing ‘principle, or the caufe of the confolidation © 
of mineral bodies : And Dr Hutton appears accordingly, with 
great impartiality, and with no phyfical hypothefis whatever in. 
his mind, to have begun with inquiring into the nature of the 
fluidity which fo many mineral. fubftances feem. to have poffeff- 
ed previous to the acquifition of their prefent form. After 
a long and minute: examination, he came to the. conclufion, 
That the fluidity of thefe fubftances has been what he terms 
SIMPLE, that is to fay, not fuch as is produced by combina- 
‘tion with a folvent. The two general facts from which this 
conclufion follows, are, firft, that no folvent is capable of hold- 
ing in folution all mineral fubftances, nor even all fuch va- 
rieties of them as are often united in the fame fpecimen ; and, 
fecondly, that in the bodies compofed of fragments of other 
bodies, the confolidation is fo complete that no room is left 
for a folvent to have ever occupied. The fubftance, therefore, 
which was the caufe of the fiuidity of mineral bodies, and 
prepared them for confolidation, muft have been one that could 
-aé& on them all, which occupied no fpace within them, and 
- could find its way through them, whatever was the degree of 
their compacttnefs and induration. Heat is the only fubftance 
which has thefe’ properties; and is the only one, therefore, 
which, without manifeft contradiction, can be ened as the 
caufe: of mineral confolidation. — 
Many difficulties, however; were ftill to be eter" before this 
hypothefis was rendered completely fatisfactory ; but in what 
order Dr HuTTon pone to remove them, the notes above — 
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mentioned do not enable me to ftate. We may neverthelefs 
eonjecture, with confiderable what the was 
which immediately followed. 

have occurred to him, as an objeétion to the 
dation of minerals by fubterraneous heat, that many fubftances 
are found in the bowels of the earth in a ftate altogether unlike 
that into which they are brought by the ation of our fires at 
the furface. Coal, for inftance, by expofure to fire, has its parts 
diffipated ; the afhes which remain behind are a fubftance quite 
different from the coal itfelf ; and hence it would feem that this: 
foffil can never before have been fubjected to the aétion of fire. 
But is it certain, (we may fuppofe Dr Hutton’ to have faid to 
himfelf), if the heat had been applied to the coal in the interior: 
of the earth, at the bottom of the fea, for example, that the fame- 
diffipation of the parts would have taken place? Would not the 
greater compreffion that muft prevail in that region have pre- 
vented the diffipation, at leaft till a more intenfe heat was ap- 
plied? And if the diffipation was prevented, might not the mafs, 
after cooling, be very different from any thing that can be ob- 
tained by burning at the furface of the earth? It is plain that 
there is no reafon whatever for anfwering thefe queftions inthe ne- 
gative.' And, on the contrary, if the analogy of nature is.confult- 
ed, if the fact of water requiring more heat to make it boil when. 
it is more comprefied, or the experiments with Parin’s digefter, 
be confidered, it will appear that the anfwer muft be in the. | 
affirmative. Nay, it could not but feem reafonable to proceed. 
a ftep farther, and, as. the mixture of fubftances is known in fo: 
many inftances to promote their fufibility, to. fuppofe that when: 
the volatile parts of bodies were reftrained, the whole. mafs 
might be reduced into fufion by heat, though, when thefe fame 
parts were driven off, the refiduum might be altogether infu-. 
fible. Thus coal, when the charcoal and bitumen are for- 
to. remain. in union, may very well be a fufible fubftance,. 
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though, when the latter is permitted to efcape, the former be- 
comes one of the moft refractory of all bodies. 

_In this way, and probably from this very inftance, the 
effets of compreflion may have fuggefted themfelves to Dr 
Hutton. He would foon perceive that the fame principle 
could be very generally applied, and that it afforded the folu- 
tion of a difficulty concerning limeftone, fimilar to that which 
has been juft ftated with refpect to coal. Limeftone is not found: 
in the bowels of the earth having the caufticity. which it ac- 
quires by the a¢tion of fire, and hence one might conclude that 
it had never been expofed to the action of that element. But 
the experiments of Dr Brack, before his friend was engaged in 
this geological inveftigation *, had proved: that the caufticity 
_ of lime depends on the me Ya of the aériform fluid, fince 
diftinguifhed by the name of carbonic gas, which compofes. no 
lefs than two-fifths of the whole. This great difcovery, which 
has extended its influence fo widely over the fcience of chemif- 
try, alfo led to important confequences in geology; and Dr 
Hutton inferred from. it, that ftrong compreflion might pre- 
vent the caufticity of lime, by confining the carbenie gas, even 
when great heat was applied, and that, as has been fuppofed of | 
coal, the whole may have been melted in the interior of the 
earth, fo as on cooling to acquire that cryftallized or {parry 
 ftructure which the of ime fo pofleffes +. 
Ir 


* Dr on maynetn, which contained this difcovery, was commu- 
nicated to the Philofophical Society of Edinburgh in June 1755, and was publith- 
ed in the fecond volume of their Effays, in the year following. Dr Hutton had 
at this time only begun his geological refearches. It was not; I imagine, till after 
the year.1760 that they came to take the form of a theory. | 


+ In the view here prefented of the principle of compreffion, as employed in: 
the Huttonian Theory, it is confidered as a hypothefis, conformable to analogy, 
affumed for the purpofe of explaining certain phenomena in the natural hiftory of: 
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Ir is unneceffary to carry our conjectures concerning the 
train of Dr Hutton’s difcoveries toa greater Jength; the de~ 
velopment of the principles now enumerated, and the compari- 
fon of the refults with the fa¢ts obferved in the natural hiftory 


of minerals, led to thofe difcoveries, by a road that — be eafily 


traced by thofe who ftudy his theory with attention. 


Ir might have been expected, when a work of fo couch 
originality as this Theory of the Earth, was given to the world, 


a 7 which sigs to be the refult of fuch an ample and. 


accur ate: 


the earth. It refts, therefore, as to its evidence, partly on its EO ana.’ 
logy, and partly on the explanation which it affords of the phenomena alluded to.. 
In fuppofing that it derives probability from the laft-mentioned fource, we are 


_far from affuming any thing unprecedented in found philofophy. A principle is 


often admitted in phyfics, merely becaufe it explains a great number of appear. 
ances; and the theory of GRAvITATION. itfelf refts on no other foundation, 

Tue degree of this evidence will perhaps be differently appreciated, according: 
to a man’s habits of thinking, or the clafs of ftudies in which he has been. chiefly 
engaged. To Dr Hutron himfelf it appeared very ftrong ; for he confidered the 
fa& of the liquefaQtion of mineral fubftances by heat as fo completely eftablithed, 
that it affords a full proof of the fufibility of thofe fubftances having been increafed 
by the compreffion which they endured in the bowels ef the earth. - In-his.view. 
of the matter, no other proof feemed neceflary, and he did not appear to think 
that the direé teftimony of experiment, could it have been obtained, would = 
added much to the credibility of this part of his fyitem. 

For my part, I will acknowledge that the matter appears to mein a Light 
fomewhat different, and that though the arguments juft mentioned are fufficient to 
produce a very ftrong conviction, it is a conviction that would be ftrengthened by 
an agreement with the refults even.of fuch experiments as it is. within our reach 
to make. It feems to me, that it is with this principle in geology, much as it is 
with the parallax of the earth’s orbit in aftronomy; the difcevery of which, 
though not neceflary to prove the truth of the Copernican SysTEM, would bea 
moft pleafing and beautiful addition to the evidence by which it is fupported. So, 
in the Huttonian geology, though the effeéts afcribed to compreffion, are fairly 
deducible from the phenomena of the mineral kingdom itfelf, compared with cer- _ 
tain analogies which {cience has eftablithed, yet the teftimony of direét experi- 
ment would make the evidence complete, and would leave nothing that incredulity: 
itfelf could poffibly defiderate. 
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accurate induction, and which opened up fo many views, intereft- 
ing not to mineralogy alone, but to philofophy in general, that it 
would have produced a fudden and vifible effe@, and that men 
of fcience would have been every where eager to decide con- 
cerning its real value. Yet the truth is, that it drew their at- 
tention very flowly, fo that feveral years elapfed before any one 

fhewed himfelf publicly concerned about ‘it, either as an ene- 
my or a friend.” 

SEVERAL caufes probably contributed to produce this indif- 
ference. The world was tired out with unfuccefsful attempts 
to form geological theories, by men often but ill informed of 
the phenomena which they propofed-to explain, and who pro- 
ceeded alfo on the fuppofition that they could give an account 
of the origin of things, or the firft eftablifhment of that fyftem 
which is now the order of nature. _Men who guided their in- 
quiries by a principle fo inconfiftent with the limits of the hu- 

man faculties, could never bring their {peculations to a fatisfac- _ 
tory conclufion, and the world readily enough perceived their 
failure, without. taking the trouble to — into the i e 
of it. 

TRUTH, however, me add, chat other reafons cer-- 
tainly contributed not a little to prevent Dr Hutton’s theory 
from making a due impreffion on the world. It was propofed: 
too briefly, and with too little detail of facts, for a fyftem which 
involved fo much that was new, and oppofite to the opinions. 
generally received. ‘The defcriptions which it contains of the. 
phenomena of geology, fuppofe in the reader too great a know- 
ledge. of the things defcribed. The reafoning is fometimes em- 
barrafled by the care taken to render it ftrictly logical ; and the 
tranfitions, from the author’s peculiar notions of arrangement, 
are often unexpected and abrupt. Thefe, defects run more or 
lefs through all Dr Hutton’s writings, and produce a degree of 
obicurity —, to thofe who knew him, and ‘who ‘heard: 

him. 
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him every day converfe with no lefs clearnefs and precifion, 
than animation and force. From whatever caufes the want of 
perfpicuity in his writings proceeded, perplexity of thought was 
not among the number ; and the confufion of his ideas can nei- 
ther be urged as an apology for himfelf, nor as a confolation to 
his readers. 

ANOTHER paper from his pen,-a Rain, alfo 
in the firft volume of the Edinburgh Tranfa@tions.. He had long 
ftudied meteorology. with great attention ; and this communi- 
cation contains one of the few ficitintians in that branch of 
knowledge entitled to the name of tacory. | 

Dr Hutton begins with fuppofing that the quantity of hu- 
midity, which air is capable of diffolving, increafes with its tem- 
perature. Now, this increafe muft either be in the fame ratio 
with the increafe of heat, in a lefs ratio, or in a greater: in 
other words, for equal increments of heat, the increments of 
humidity muft either conftitute a feries of which all the terms 
are equal to one another, or a feries in which the terms conti- 
nually decreafe, or one in which they continually increafe *. If 
either of the two firft laws was that which took place in nature, 
a mixture of two portions of air, though each. contained as 
much humidity as it was capable of diflolving, would never 
produce a condenfation of that humidity. According to the 

firft 


- *To fpeak ftriétly, the law which-conneéts the increments of humidity in the 
air with the increments of temiperature, is not confined to any one of the three 
{uppofitions here made, but may involve them all. The humidity diffolved may 
be proportional to fome fundé#ion of the heat, that varies in fome places fafter, and 
in others flower, than in the fimple ratio of the heat itfelf. Neverthelefs, for that 
extent to which obfervation reaches, the reafoning of Dr Horton i is quite fufficient 
to prove that it varies fafter ; or, in other words, that if a curve be fuppofed, of 
which the abfciffe reprefent the temperature, and the ordinates the humidity, this 
curve, though it moy in the courfe of its indefinite extent be in fome places con- 
cave-and in others convex toward the axis, is wholly convex in all that part with 
which our obfervations are concerned. 
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firft law, the temperature, the humidity, and the power of con- 
taining humidity, in the mixture, being all arithmetical means 


between the fame quantities, as they exifted previoufly to the | 


mixture, the temperature produced would be exaétly that which 
was required by the humidity to preferve it in its invifible 
form. If the fecond law took place, the moifture actually con- 


tained in the mixture would be lefs than the temperature was _ 


capable of fupporting ; ; fo that inftead of a condenfation of hu- 
midity, the air would become drier than before. 

Ir, on the other hand, the third law be that which takes 
place, after the mixture of two portions of air of different tem- 


peratures, the humidity will be greater than the temperature is . 


able to maintain, and therefore a condenfation of it will follow. 
Now, the experience of every day proves, that the mixture of 
two portions of humid air of unequal temperatures, does indeed 
produce a condenfation of moifture, and therefore we are autho- 
rifed to conclude that the laft-mentioned law 1 is that which actu- 
ally prevails *. | 

Ir is nheious that this principle affords an saan of the 
formation of clouds in the atmofphere, and that currents of air, 

V.—P. I or 


* It has been Aohet that the BORE falution of humidity j in air is necef- 


farily implied in this theory of rain. The truth i is, that the air is here con- 
fidered only as the vehicle of the vapour, and that the tranfparent ftate of the 
latter is fuppofed to depend on the temperature, or the quantity of heat; but 
whether that heat a& on the vapour folely and direGy, or indirectly, by increa- 
fing the power of the air to retain it in folution, is, with ref{pe& to this theory, al. 
together immaterial. 

Dr Huron has indeed ufed the common language concerning the folution of 
humidity in air ; but the fuppofition of fuch folution is not effential to his theory. 
He feemed, indeed, to entertain doubts about the reality ef that operation, found- 
ed on the circumitance of evaporation taking place ia vacuo. Experiments made 
by M. Darton fince the death of Dr Hutton, thew that there is great reafon for 
fuppofing that the air has no chemical aétion whatever on the 5 ae 9 vapour 
contained in it. Manchefter Methoirs, vol.v. p. 538. 
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or winds, of different temperatures, when they meet, muft produce 
fuch mixtures as have been defcribed, and give rife confequently 
to the condenfation of aqueous vapour. When the fupply of the - 
humid air, entering into the mixture, is continued, the quanti- 


_ ty of cloud formed will continually increafe, and the {mall glo- 


bules of condenfed uniting into 

Burt though we are in poffeffion of a by which 
rain may be certainly produced, yet whether it be the only one 
by which rain is produced may require fome farther inveftigation. 


_ Dr Hutton accordingly, in order to determine this point, has 


* entered into a very ample detail concerning the rain under dif- 
ferent climates, and in different regions of the earth. The re- 
fult is, that the quantity of rain is, as nearly as can be eftima- 
ted, every where proportional to the humidity contained in the 
air, and the caufes which promote the mixture of different’ por- 
tions of air, in the upper regions of the atmofphere. Between 
the tropics, for inftance, the dry feafon is that. in which the 
uniform current of the trade-wind meets with no  obftruction 
in its circuit round the globe; and the rainy feafon happens 
when the fun approaches to the zenith, and when the fteadinefs 
of the trade-wind either yields to irregular rom, or to the 
{tated changes of the monfoons. 

TuUs too, (to mention another extreme cafe), in certain coun- 
tries diftant from the fea, having little inequality of furface, and — 
expofed to great heat, no rain whatever falls, and the fands of the 
defert are condemned to perpetual fterility. Even there, however; 
where a mountainous tract occurs, the mixture of different por- 
tions of air produces a depofition of humidity; perennial fprings 
are found; and the fertile vales of Fezzan or Palmyra are ex- 
empted from the defolation of the furrounding wildernefs. 

Tus ingenious theory attracted immediate attention, and 


was valued for affording a saeamaci notion of the manner in 
which 
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which cold a&s in caufing a precipitation of humidity. It met, 
however, from M. pe Luc with a very vigorous and determi- 
ned oppofition; Dr Hutton defended it with fome warmth, 
and the controverfy was carried on with more fharpnefs, on both — 
_ fides, than a theory in meteorology might have been expected to | 
call forth. For this Dr Hutton had leaft apology, if greateft in- 
dulgence, on the {core of temper, is due to the combatant who 
has the worft argument. The merits of the queftion cannot be 
confidered here: It is fufficient to remark, that they came ulti- 
| mately to reft on a fingle ‘point, Whether the refrigeration of 
air is carried on by the mixtuteof the cold and the hotair, or by 
the paflage of the heat itfelf, without fuch mixture, from one 
portion of air to another. If the former holds, Dr Hu1Ton’s 
theory is eftablithed ; if the latter be true, M. DE 
tions may at leaft merit examination. 

Now, it is certain, that if not the only, yet almoft the only, | 
communication of heat through fluids, is produced by the mix- 
ture of one part of the fluid with another. The ftatical princi- 
ple’ by which heat is thus propagated, was firft, I believe, accu- 
rately explained by Dr Brack, and fince his time has been far- 
ther illuftrated by, the experiments of Count Rumrorp. . Thefe 
laft have led their ingenious author to conclude that heat has no 
tendency to pafs through fluids, otherwife than by the mixture 
of the parts of different temperature. The accuracy of this con- 
clufion, in its full extent, may reafonably be queftioned ; but this 
much of it-is undoubtedly true, that when the particles, of a bo- 
dy are-at liberty to move freely among themfelves, the direct 
communication of heat, compared with the ftatical, is evanef- 
cent, and may be regarded as a mere infinitefimal. M. pg Luc’s © 
objections are therefore of no weight. — 

Tue Theory of Rain was republifhed by Dr Horton in his 
Phyfical Differtations feveral years afterwards, together with his 
anfwers to M. DE Luc, and feveral other meteorological traéts, 
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which contain many excellent examples of generalization, in a 
branch of natural hiftory where it is more eafy to accumulate 
facts, and more difficult to afcertain panei, than in any 


other *. 


*It may be proper to mention here ares ufeful chiecenians:4 in meteorology 
which Dr Hutton made, but of which he has given no account in any of his pub. 
lications. 

He was, I believe, the firft who thought of afcertaining the medium tempera- 
ture of any climate by the temperature of the {fprings. With this view he made 
a great number of obfervations in different parts of Great Britain, and found, by 
a fingular enough coincidence between two arbitrary meafures, quite independent _ 
of one another, that the temperature: of {prings, along the eaft coaft of this ifland, 
varies nearly at the rate of a degree of FanrENHEIT’s thermometer for a degree 
of latitude. This rate of change, though it cannot be general over the whole 
earth, is probably not far from the truth for all the northern peek of the ie ae 
zone. 

For eftimating the effea: which height ewes the level of the fea has in iui. 
nifhing the temperature, he alfo made a feries of obfervations at a very early pe- 
riod. By thefe obfervations he found that the difference between the ftate of the 
thermometer in two places of a given difference of level, and not very diftant, in 
a horizontal] direétion, is a conftant quantity, or one which remains at all feafons 
nearly the fame, and is about 1° for 230 feet of perpendicular height. © 
_ I must, however, obferve, that on verifying thefe obfervations, I have found 

the rate of the decreafe of temperature a little flower than this, and very nearly a 
degree for 250 feet. This feems to hold for aconfiderable height above the 
earth’s furface, and will be found to come pretty near the truth, to the height 
of five or fix thoufand feet. It isnot howevet probable that the diminution of 
the temperature is exaétly proportional to the increafe of elevation ; and it would 
feem that at heights greater than the preceding, the deviation becomes fenfible ; 
the differences of heat varying in a lefs ratio than the differences of elevation. 

In explaining this diminution of temperature as we afcend in the atmo- 
{phere, Dr Hutton was much more fortunate.than any other of the philofophers 
who have corifidered the fame fubje@. It is well known that the condenfation of 
air converts part of the latent into fenfible heat, and that the rarefaétion of air con- 
verts part of the fenfible into latent heat. This is evident from the experiment of 
the air-gun,and from many others. If, therefore, we fuppofe a given quantity: of 
air to be fuddenly tranfported from the furface to any height above it, the air will 
expand on account of the diminution of preffure, and a part of its heat becoming 

 Jatent, . 
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_APTER the period ‘of the two publications juft mentioned, Dr 


Hutton made feveral excurfions into different parts of Scotland, 


with a view of comparing certain refults of his theory of the 
earth with actual obfervation. His account of granite, viz. that it 
is a fubftance which, having been reduced into fufion by fubter- 
raneous heat, has been forcibly injefted among the ftrata alrea- 


dy confolidated, was fo different from that of other mineralo-— 


gifts, that it feemed particularly to require farther examination. 
He concluded, that if this account was juft, fome confirmation 
of it muft appear at thofe places where the granite and the ftrata 
are in contact, or where the former emerges ‘from beneath the 
latter. In fuch firuations, one might expect veins of the ftone 
which had been in fufion to penetrate into the ftone which 
had been folid; and fome imperfect defcriptions of granitic 
veins gave reafon to imagine that this phenomenon was actu- 


ally to be obferved. Dr Hurron was anxious that an in/lantia 


erucis fabject his theory to the feverett teft. 
ONE 


latent, it wilk become colder than before. Thus alfo, when a quantity of heat 


afcends by any means whatever, from one ftratum of air to a fuperior ftratum, a 
part of it becomes latent, fo that an equilibrium of heat can never be eftablifhed 
among the ftrata ; but thofe which are lefs, muft always remain colder than thofe 
that are more, comprefled. This was Dr Hutron’s explanation, and it contains 
no hypothetical principle whatfoever. 

Toone who confiders meteorology with attention, the want of an accurate h ygro- 
meter can never fail to be a fubject of regret. The way of {upplying this deficien- 
cy which Dr Hutton prattifed was by moiftening the ball of a thermometer, and 
obferving the degree of cold produced by the evaporation of the moifture. The 
degree of cold, ceteris paribus, will be proportional to the drynefs of the air, and 
affords, of courfe, a meafure of that drynefs. The fame contrivance, but without 
any communication whatfoever, occurred afterwards to Mr Lesuiz, and being 
purfued through a feries of very accurate and curious experiments, has produced 
an inftrument which promifes to anfwer all the purpofes of photometry, as well 
as hygrometry, and fo to make a very important addition to our phyfical appara- 
tus. | 
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OnE of the places where he knew: that ajan@tion of the kind 
“he wifhed to examine muft be found, was..the line:.where-the 
great body of granite which runs from Aberdeen. weftward, 
forming the central chain of the Grampians, comes in contact 
with the fchiftus which compofes the inferior ridges of the fame — 
mountains toward the fouth. ‘The neareft and. moft accefhible 
point of this line feemed likely to be fituated not far to the eaft- 


_ ward of Blair in Athol, and could hardly fail to. be. vifible 


in the beds of fome of the moft northern ftreams which run 
into the Tay. Dr Hutton having mentioned, thefe circum- 
ftances to the Duke of ATHOL, was invited by that nobleman to 


- accompany him in the fhooting feafon into Glentilt, which he 


did accordingly, together with his friend sie CLERK of. — in 
fummer 1785. 

THE Tilt is, according to the Fe a fmall river, or an im- 
petuous torrent, which runs through a glen of the fame name, 
nearly fouth-weft, and deeply interfeéts the fouthern' ridges of 
the Grampian Mountains. The rock through which its bed is 
cut is in general a hard micaceous fchiftus ; and the glen pre- 


- fents a fcene of great boldnefs and afperity, often embellithed, 


however, with the accompaniments of a fofter landfcape. 

WuEn they had reached the Foreft Lodge, about feven miles 
up the valley, Dr Hutron already found himfelf in the midft 
of the objects which he wifhed to examine. In the bed of the 
river, many veins of red granite, (no lefs, indeed, than fix large 
veins in the courfe of a mile), were the black 
micaceous {chiftus, and producing, by the contraft of colour, an 
effect that might be ftriking even to an unfkilful obferver. The 
fight ot objects which verified at once fo many important con- 
clufions in his fyftem, filled him with delight; and as his feelings, 
on fuch occafions, were always ftrongly exprefled, the guides 
who accompanied him were convinced that it muft be nothing 

| lefs 
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lefs than the difcovery of a vein of filver or gold, that could 
call forth fuch ftrong marks of joy and exultation. | 

Dr Hutton has defcribed the appearances at this fpot in the 
third volume of the Edinburgh Tran/faGions, p. 79. and fome 
excellent. drawings of them were made by Mr Cierx, whofe 
_ pencil is not lefs. valuable in the fciences. than in the arts. On 
the whole, it 1s certain, that of all the junctions of granite and 
fchiftus which are yet known, this at Glentilt fpeaks the mot 
unambiguous language, and moft clearly demonttrates the vio- 
lence with which the granitic nent were injected among the 
fchiftus *. | 

In the year following, Dr Hurron as Mr Crerk alfo vifit- 
ed Galloway, in fearch of granitic veins, which they found at 
two different places, where the granite and {chiftus come in 

contaét. One of thefe junctions was afterwards very carefully 
examined by Sir James Hatt and Mr Dowcras, now Lord 
SELKIRK, who made the entire circuit of a tract of granite 
country, which reaches from the banks of Loch Ken, where 
the jun¢tion is beft feen, weftward to the valley of Palnure, oc- 
cupying a {pace of about 11 miles by 7. See Edinburgh Tran/- 
ations, vol. Il. Hiftory, p. 8. 

In fummer 1787, Dr Hutton vifited the ifland of Arran in 
the mouth of the Clyde, one of thofe {pots in which nature has 
collected, within a very {mall compafs, all the phenomena moft 
interefting to a geologift. A range of granite mountains, pla- 

| ced 


* I must take this opportunity of correéting a miftake which I have made in. 
defcribing the jundtion in Glentilt, (I//uftrations of the Huttonian Theory, p.310:). 
where I have faid, that the great body of granite from which thefe veins proceed, 
is. not. immediately vifible. This, however, is not the fact, for the mountains on 
the north fide of the glen are a mafs of granite to which the veins.can be direftly 
traced. This I have been affured of by Mr Grerx. Dr Hurtown has net defcri- 

_ bed it diftin@ly ; and not having feen the union of the veins with the granite on. 
the north fide, when I vifited the. fame {pot, I-concluded too haftily, that it had not- 
yet been difcovered. 
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ced in the northern part of the ifland, have their fides covered | 
with primitive fchiftus of various kinds, to which, on the fea- 
fhore, fucceed fecondary ftrata of grit, limeftone, and even coal. 


Here, therefore, Dr Hutton had another opportunity of exa- 


mining the juii@ion of the granite and {chiftus, and found - 
abundance of the veins of the former penetrating into the latter. 
In three different places he met with this phenomenon ; ; in the 


torrents that defcend from the fouth fide of Goatfield; in Glen- 
~ rofa, on the weft, and in the little river Sannax, on whe north- — 


eaft, of that mountain. From the firft of thefe he brought a 
fpecimen of fome hundred weight, confifting of. a of 
{chiftus, which includes'a large vein of granite. 

At the northern extremity of the ifland he had ihibwift: 2 | 
view of the fecondary ftrata lying upon the primary, with their 
planes at right angles to one another. In the great quantity, 
alfo, of pudding-ftone, containing rounded quartzy gravel, uni- 
ted by an arenaceous cement; in the multitude of whinftone 
dikes, which abound in this ifland; and in the veins of. pitch- 


‘ftone, a foffil which he had not Settee ‘met with in its native | 


place; he found other interefting fubjects of -obfervation; fo 
that he returned from this tour highly gratified, and ufed often 
to fay that he had no where found his expectations fo much ex- 
ceeded, as in the grand and inftrudtive haere with whith 
nature has adorned this little ifland. pin' 

Mr Joun Crerk, the fon of his friend Mr Come of Elden, 


accompanied him in this excurfion, and made feveral drawings, 


which, together with a defcription of the ifland drawn up after- 
wards by Dr Hutton, ftill remain in manufcript. 

THE leaft complete of the obfervations. at: was that 
of the junction of the primitive. with the fecondary. firata, 
which is but indiftinétly feen in that ifland, and only at 


one place. Indeed, the conta& of. thefe two kinds of rack, 
though it forms a line cipcumepihing the bafes of all primitive 


countries, 
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| covered bythe ofvil, be; vifible: im: every 
fewriplacedsi: In: the autumn tof! this; fameoyeanhewever, Dr 
Horron ‘had an opportunity of obferving anothér inftance-of it 
inthe bartk:of :the:-river Jedd, about mile above: the-town of 
Jedburgh: ‘The! fchiftus there 1s.micaceons; in vertical plates, 
running-from eadt}to-weft, théughi fomewhat andulated.,; Over 
thefe lis extended:a! body of ted fandftone, in-beds ‘nearly :hori- 
zontal; having .:interpofed” between and the vertical. ftrata’a 
breccia full of fragments: of thefe laft.: Dr Hurron:hasigiven: 
an account of this:fpot‘in the ifirft ‘volume,ofvhis of the 
by MrCLerkK. ayosaneis as bet 

91988 -he-made forne other the 
fame kinds The ridge of the dianimer-miuir Hills, in the fouth 
of Scotland, confifts of primary micaceous fchiftus, and: éxtends 
from Abb’s-hedd : weftward,) till dt jjoin| the: metalliferotis — 
mountains-about fources of Glyde. The: feascoatt .af- 
fords a tranfverfe of this alpine-traét atvitsceaftern extre- 
mity, and exhibits:the change from: the:primarytothe fe¢cndary 
ftrata, both onthe fouthsand onthe north.) DroHurton with- 
the datter of: thefe, vand;dn>this occa- 
and Lhad the pleafure:to accompany him. 
We :failed‘in a boat.from Dunglafs;on:a:daywhen the:finenefs 
of the weather. permitted:us clofe»ito: the / foot of ‘the 
rocks iwhichi line! the “fhore: ja! sthat 
courfe fouthwards fearch of [thé serminationiof the .fecond- 
ary dtratd.' ‘We fof mshighs rocky: point:.or thead-land, 
the aR, which;:from: our obferyations fon: thore; 
thattheobjectwe were in fearch of was likely to be difco- 
vered.: ending «at» this! point, we:ifound that :we actually 
trode om the primeval: -rock, swhiel:forms : ‘alternately : 'bafe 
and the dummitiof ‘the :prefentsland.: lt 4:micaceous 


Achiftus,'1 in ‘bedsqnearly vertical,ikighly indurated, arid ‘ftrevch- 
>Vor. V.—P. K ing 
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ing from We The farface of this: rock: runs swith a 
-moderaté’afcent from ‘the level ‘of low-water;' at which -weéyland- 
‘ed, nearly to that of high-water, where: the: fchiftus‘has'a thin 
covering of red horizontal fandftone laid: over>it ; and this:fand- 
ftone, at the diftance of a few yards farther! back, rifes:into a 
very high perpendicular cliff. 'Here;: therefore, the immediate 
contaét of the two:rocks is not only ‘vifibles! but-is curiouily' dif- 
feéted: and laid open by the action of the waves. 'The! tugged 
tops of the fchiftus are feen' penetrating into the horizontal beds 
of fandftone, and the loweft of thefe laft:form a breccia: cantain- 
ing fragments.of ‘fchiftus, fome: 
ted by an arenaceous cement. 710-111 
Dr Hutton was highly pleafed with: that fet in 
fo clear'a light the different formations of the parts which com- 
pofe the exterior cruft of the ‘earth;: and where all the circum- 
ftances were combined that ‘could:rénder ‘the ‘ebfervation fatis- 


precife.. On usiwho thefe! :phendmens:for the 


firft time, the impreffion:made will not eafily'be forgotten. ‘The 
‘palpable ‘evidence prefented to’us; of:one of ‘the moft extraordi- 
-Dary and important. facts in ithe natural hiftory of ‘the earth, 
gave a reality and fubftance “thofe theoretical: fpeculations, 
which, however probable, had never till now been: diredtly. au- 
_ thenticated by the: teftimony of the fenfes.. We often’ faid to 
ourfelves, What clearer: evidence could: we have:had of the dif- 
‘ferent formation of thefe:rocks; and of the long interval which 
feparated their formation, had ‘we. adtually.’ feen: them emer- 
ging from the. bofom 'of:the:ideep We: felt: ourfelves ‘necef- 
farily carried back to the time when the fchiftus on which we 
flood was yet at the bottom of the fea, and when: the fandftone 
before us was only beginning’ to; be: depofited, ‘in the fhape of 
fand or mud; from. the: waters ‘of a fuperincumbent ocean.) 
epocha ftill more- remote :prefented jitfelf, when even the moft 
ancient of thefe rocks, ftanding in, vertical 
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beds; lay. in horizontal: planes at the: bottom of .the fea, and 


not yet difturbed by that immeafurable force which has burft 
afunder the folid pavement of the-globe. Revolutions ftill more 


remote appeared in the diftance of this extraordinary perfpec- . 
tive *,. The mind feemed to grow giddy by looking fo far into 


the abyfe of time; and. whileawe liftened with earneftnefs and 


admiration to the philofopher who was now unfolding. to us the | 


order and feries of thefe wonderful events; we became fenfible 
how much. farther reafon may fometimes go than imagination 
can venture to follow... As for the reft, we were truly fortunate 
in the courfe we had purfued i in this excurfion ; a great number 


of other curious and, important facts prefented themfelves, and — 


we returned, having collected, in one day, more aniple. materials 
for future {peculation, than have, fometimes, years 


sccompanied: the Duke of to Ifle. Man, a 
view of making a mineral furvey of that: ifland. . What he 
faw there, however, was not much calculated to illuftrate. any of 
the great facts.in geology. He found ‘the main body of ‘the 
ifland to confift of, primitive {ehiftus, much inclined, and, more 
interfected with quartzy veins than. the correfponding {chiftus 
in the.fouth of Scotland. . {In two places on the‘ oppofite fides of 
the -ifland, this {chiftus was. covered by fecondary. ftrata,; but 
the jusiGtion was no where vifible.. Some granite veins were ob- 
ferved in the fchiftus,‘and many loofe blocks of that {tone were 
met with in the foil, or on the furface, but ho mafs of it was to 
be feen in its native ‘place.” ‘The direétion ‘of the primitive ftra- 
ta. with that in near- 


i” For a fuller dedudtion of the bere fee Theory oft the 
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ly from eaft to ‘weft.’ This ie all the: information: which 
was obtained from an excurfion, which, in other ‘refpedts, 
was very agreeable. Dr Hutrron petformed it in company 
with his friend Mr Cierk, and they again experienced the po- 
Titenefs' and hofpitality of the nobleman who had formerly 
entertained them, off an expedition: which fo to be 
remembered in the annals of geology. 03 
from’ the account now given} it appears. Dr 
Hu?row’s mirid had been long turned with great earneftnefs to 
the ftudy of the theory of the earth, he had by no méans confi- 
ned his attention to’ that fubjed’ but had directed it to the for- 
mation of ‘a general fyftem, both of phyfies and’ metaphyfics *, 
He tells us himfelf, that he was'led tothe ftudy of general phy- 
fics, from'thofe views of the properties of body which ‘liad oc- 
curred to him in the profecution of his chemical and/mineralo- 
gical inquiries. “Th thofe fpeculations, therefore, that extended 
fo far into the regions of abftraé& fcience, he began fromches 
miftry ; and it was from thence that he took his departure in his 
circum-navigation both of the material and intelle@tual world. | 
Tue chemitt; indeed, is flattered more than any ‘one elfe with 
hopes of difcovering: in: what the ‘effence of matter confitts ; 
atid Nature, while thé keeps the ‘aftronomer ithe 
cian at'a great diflance, feems to admit him to more familiar 
converfe, arid to's more intithate: acquaintance with her fecrets. 


former, I have not been able to difcover, thoug h i reafon to believe that be- 
fore I becatié acquainted with him, whith 1981, he’ haif compiéted 2 
manufcript treatife on each of them, thé fame nearly that he afterwards gave to 
the world. His er on — vie Sa were of a date much earlier than 
this. | 

THE Phyfical Sytem, to third 5 part ‘of a 
Differtations on different Subje&s in Natural Philofophy, in one vol. 4to, — . 
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ing transformations which he effects, his fuccefs in analyzing al- 
moft all: bodies,:and' in reproducing: fo many, feem to promife 
that she fhall: one day difcover the'eflence of a fub{tance which 
he has ‘thoroughly: fubdued;' that he fhall be able to bind 
Proreus in his: cave, and: finally-extort from him the fecret 
of his birth; in-a word, that he fhall find out what matter is, 
of:what ¢lements it is: and are an 
fential:to its: exiftence: art at 
Ew entering upon. this. new Dr: ‘was forcibly. 
fixuck with the'very: juft refleGion, That we do by no-means ex- 
plain the nature. of body, when we defcribe it as made up of 
fmall: particless! becaufe if we allow: to-thefe particles any magni- 
tude whatfoever,-wé dono:more‘than affirm: that great bodies. 
are|made up/offimall:ones. The elements:of body mutt, there- 
fore,'be admitted to be fomething unextended,. To thefe unex-— 
tended: elements;:‘Dr Hutton gave: the:name of MATTER, and. 
carefully diftinguifhed between that term and the term:zopy, 
which he:applied only: to:thofe: combinations of matter that are: 
TRE accurateexamination of propefties: of con- 
the truth-of the opinion, that: it is-ccompofed of unextended: 
elements. Bodies maybe: comprefied into {maller dimenfions ;. 
many' by the application of mechanical force; and:all by the dimi- 
nution ofithein heat : noris there any limit to this. compreffion, or 
any:peint: beyond which thefarther reduction of volume becomes 
impoflible, ‘This holds of fubftances:the moft.compaé, as well 
as the. moft 'volatide: and: elaftic, and ‘clearly evinces that :the ele-- 
body:are not in‘conta¢ét with<one another, and 'that:in. 
reality we perceive! nothing in body: but the exiftence of certain: 
powers or forces, acting with various ‘intenfities, and in various. 
dire@tions. Thus. the fuppofed: impenetrability, and. of courfe 
the extenfion of body; is nothing elfe than the effort ofa refift- 
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‘ing or repulfive power ; its cohefion, weight, &c. the efforts: of. 


attractive power ; and fo with refpect to all its other properties». 
But if this be granted, and if’ it be true that in the material 


world every phenomenon can’ be. explained bythe: exiftence of 


Power, the fuppofition of “extended particles:as a _/ub/iratum or 
refidence for fuch power, 1s a mere hypothefis, without any, — 
countenance from the matter of fact. For if thefe folid: parti- 
cles are never in contact with one another, what part can they. 


have in the produ@ion of natural appearances, or in what fenfe 


can they be called the refidence of a force which never acts’ at 
the point where they are prefent? Such particles;:therefore,, 


‘ought to be entirely difcarded from any theory to 


explain the phenomena of the material world.: 
-Tuus, it appears, that power is the effencé' of: 


‘none.of our perceptions warrant us in. confidering seven: body as. 


involving any thing more than to: various laws 


and modifications. 


Matter, taken in shies fenfe, isto conlidetadie as indefinite 


ly extended, :and: without inertia. Its preferce through all: Apace. 


is proved by the univerfality of gravitation ; and its want of in-. 


_ ertia, by the want of refiftance to the planetary motions. Thus, 


in our inquiry concerning phyfical caufes, we are relieved from 
one great difficulty, that of fuppofing matter:to a& where it is 
not. The force of gravitation, according to this fyftem, ‘is mot 
the action of two: diftant bodies upon one another, but itis ithe: 


action of certain powers, diffufed through all {pace, which may 
‘be tranfmitted to any diftance. There feems to me, however, 


to remain a difficulty hardly lefs. than that. from which we ap- 
pear to be relieved, 7%. to affign a reafon why the intenfity with 
which fuch powers act on any body, fhould depend on the pofi-. 
tion and magnitude of all the bodies in the univerfe, and fhould 
bear to thefe continually the fame relation. But, however this 
be, the ingenuity of Dr Hu1Ton’s reafonings cannot be queftion- 
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ed, nor, J think, the juftnefs of many of ‘his.conclufions. His 
explanations of cohefion, heat, fluidity, deferve particular : atten- 
tion. ‘In one thing, however, he feems t@’have fallen into an error, 
which runs through much of his reafoning, the 
_-principles of gravitation and inertia, He affirms, that.‘ without 
“gravity, aibody endowed. with all the other material qualities 
would -have: no inértia; that it. would not diminifh the velo- 
city. of the. moving body .by which.it. fhould. be, actuated, nor 
_ gwould- it move a heavy body; whatever were its velocity *.” 
this _propofition, though. from. its‘ nature. it cannot be 
brought to the immediate. teft of,.experience, is. certainly i incon- 
fiftent with the principles of mechanics.;, at. the fame’ time, it is 
that, we would. -not,/ in the. cafe, here fuppofed,.. have: the 
fame means of meafuring the motion. loft, or gained: by collifion, 
which we have in the actual ftate of bodies. This is perhaps what 
mifled Dr Hutrron ; and though his remarks on the meafures 
‘of motion aid force are very acute, and’many of them. very jutft,. 
‘the mathematical reader will regret the want of that mode of 
reafoning, which has raifed mechanics: to fo high a. rank among 
the f{ciences.. 
Eris impoffible. not: to: affinity of theory: pith. 
| ‘that of the celebrated: Boscovicu, in which, as in: this, all the 
. _phenomena. of the material world-are explained, by the fuppofi- 
‘tion of forces varioufly modified, and without the affiftance of 
folid. or. extended.particles.. Thefe forces-are fuppofed to be ar-- 
ranged round mathematical points, which are moveable, and:agt 
“on one another’by means‘of the forces furrounding them. A 
moft ingenious “application of this principle is made‘to all the 
ufual refearches.of. the mechanical. philofophy, and, it muft be 
confeffed, that few theories have. more beauty and fimplicity to. 
: recommend. them, 6 or. do. better affift the “ishagination: in the ex- 
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planation of nattral appearances. But it involves, in the whole 
‘of it; this’ great! difficulty, ‘that mathematical points’are not only 
‘capable of motion,’ but capable of -being endowed, or, at leatt, 
diftinguifhed, by phyfical qualities. “Dr Hu'rton,’in his theo- 
ry, has avoided this difficulty, by giving no other than ‘a ‘niega- 

tive definition of.the MATTER which he fappofes the elementa- 
‘Ty principle of ‘body. On this account, ‘though to’the imagina- 
tion ‘his theory may ‘want the charms which the other ‘poflefies, 
yet it has the advantage of going’ jutt to theextent'to ‘which our 
perceptions or our‘obfervations authorife us toiproceed; and of 
‘betng accurately citcamferibed pointed-out bythe 
‘of ' philofophical induétion *: odsahiw 
THE -exiftence of matter méithet heavy: inert, whichhe 


Taoven Boscovicn’ was’ publifhed long: beforhDr 
indeed, as the year 1758, there .is-no' teafon,to think. that the.latter-was‘in 
any degree fuggefted by the former, Boscovien’s theory was hardly | known i in 
‘this country till abot the year 1770, and the firft fketches of Dr Hutron’s theory 
are of amuch older date. Befides, the method of reafoning purfued by the’authors 
ds ‘quite! diffetent; ‘and their conclufions, ‘though alike: in fomer ‘things, diretly 
contkary, in others,.as in what-regards gravity, ineftia, &c. The Monads of Lets- 
WITZ, might more reafonably be fuppofed to have pointed out to Dr Hortox the 
necelfity of. fuppofing the elements of Tae be unextended, if the originality of. 
‘his'own Conceptions, aiid the little régatd he paid to authority in matters of theo- 
Ty, did not'relieve us from to ottiers for’ ‘the‘fources of his 
THE principal defeat of his to me to confit 3 in. this, that it not 
ftate with precifion | the difference between the conftitution of thofe powers which 
“fimply form matter, and thofe that form the more complex flibftance, body. “In 
“Other ‘Words, it does not explain what be ‘added’ to ‘thatter to'make it body. 
The’anfwer feets to me'to be, that the-additiom of repelling power, in’ alk direg- 
tions,.is {ufficient for that ‘purpofe. | ‘Such .a repulfion, if itrong enough, would 
preduce | both impenetrability and inertia. The matter, again, that poffefied only 
an attra@tive power, like gravity, or a repulfive power only in a certain direc- 
tion, like /ight, would not be inert nor impenetrable, In this cone however, | 
_ from’his fyftem, I am not fure if I fhould meet with the author’s approbation. 
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plain the phenomena of light, heat, and ele¢tricity. He confider- 
ed all thefe three as modifications of the folar fubftance, and 
thought that many of the appearances they exhibit, are only to 
be explained on the fappofition that they confift of an expan- 
five force, of which inertnefs is not predicable ; ; in particular, | 
that light i is a power propagated from the fun in all directions, 
hke gravity, with this difference, that it is repulfive, while gra- 
vity is attractive, and requires time for its tranfmiffion, which 
the latter does not, at leaft in any fenfible quantity *. | 
THE profecution of this fubject has led him to confiderthe nature 
of PHLOGISTON, a fubftance once fo famous in chemiftry, but of 
which the name has almoft as entirely difappeared from the vo- 
cabulary of that-{cience, as the word Vortex from the language 
of phyfical aftronomy. The new and important experiments 
made on the calcination of metals, and on the compofition of 
water, are, as is well known, the foundations of the antiphlogi- 
ftic theory. Nobody was more pleafed than Dr Hutron with 
thefe experiments, nor held in higher eftimation the character _ 
and abilities of the chemifts and philofophers by whom they 
were conduéted. He was neverthelefs of opinion, that the con- 
clufions drawn from them are not altogether unexceptionable, 
nor deduced with a fufficient attention to every circumftance. 
This remark he thought peculiarly applicable to what regards 
the compofition of water, to the phenomena of which experi- 
ment, the differtation we are now {peaking of is chiefly dire@ted.. 
The two aériform fluids, it is there obferved, which compofe 
water, in order to unite, muft not fimply be brought together, 
for in that ftatc they might remain for ever unchanged, but they 
muft be fet on fire, and made to burn, and from this burning 
there are evidently two fubftances which make their efcape,. 


* Sie Differsations v. and VI. on Matter and Motion, i in the work above quots- 
ed. The Chemical Differtation on Phlogifton is in the fame volume, p. 171. 


| 


Bo HISTORY of th SOCIETY. 


namely, Light and Heat. Though, therefore, the weight of the © 
water generated, and of the gafes combined, may be admitted 
to be equal, yet it muft be acknowledged, that two fubftances 
are loft, which the chemift cannot confine in his clofeft veffel, 
nor weigh in his fineft balance, and it is going much farther than 
we are authorifed to do, either by experiment or analogy, to 
conclude that thefe fubftances have had no effeét. As heat and 
light, in Dr Hurton’s fyftem, are compofed of that matter 
which does.not gravitate, the exact coincidence which M, La- 
VOISIER obfirved between the weight of the water produced and 
that of the two elaftic fluids, united in the compofition of it, 
was no argument, in his eyes, againft the efcape of a very eflen- 
tial part of the ingredients. by | 
PursuinG the fame reafoning, he fhews how little ground 
there is to fuppofe that the heat and light evolved in this expe- 
riment proceed from the vital air; and he concludes, that the 
real explanation of the procefs is, that by burning, the matter of 
light and heat, or the phlogifton of the hydrogenous gas, is 
fet at liberty, and is thus enabled to unite with the vital air. 
In the fame manner, on examining what relates to the burn- 
ing of inflammable bodies, he finds the oxygenous gas unequal to 
the effect of furnifhing by its latent heat, or caloric, the whole of 
- the fenfible heat that is produced. He concludes, therefore, that 
the hypothefis of the exiftence of phlogifton in thofe bodies that 
are termed inflammable, is neceflary to account for the pheno- 
mena Of burning ; phenomena, as he juftly remarks, which are 
among the moft curious and important of any that are exhibited 
by the material world. On the whole, it cannot be doubted, 
that great ingenuity and much found argument are difplayed 
throughout the whole of this differtation, and that whatever be 
ultimately decided with regard to the principle for which the - 
author fo ftrenuoufly contends, he has made it evident, that the 
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-conclufions of the antiphlogiftic theory have-been drawn with 
too much precipitancy, and carried farther than is —— ny 
the ftridt rules of inductive philofophy. 
THE fubjec&t of Fire, Light and Heat was refined by Dr 
Hutton feveral years after this period, and formed the fubject 
of a feries of papers which he read in the Royal Society of Fdin- 
burgh, and afterwards publifhed feparately. He there explains 
more fully his notion of the fubftances juft mentioned, which 
he confiders as different modifications of the folar veunaveld alike 
deftitute of inertnefs.and of gravity. | 
A mor voluminous work from Dr pen, made its 
appearance foon after the Phyfical Differtations, viz. dn Invefti- 
sation of the Principles of Knowledge, and of the Progrefs of Rea- 
fon from Senfe to Science and Philofophy, in three volumes quarto. 
HE informs us himfelf of the train of thought by which he 
was led to the metaphyfical fpeculations contained in thefe vo- 
umes. He had fatisfied himfelf, by his phyfital inveftigations, 
that body is not what it is conceived by us to be; a thing necef- 
farily poffefling volume, figure and impenetrability, but merely 
an aflemblage of powers, that by their aCtion produce in-us the 
ideas of thefe external qualities. His curiofity, therefore, was 
naturally excited to.inquire farther into the manner in which 
we form our.conceptions of body, or into the nature of. the in- 
tercourfe which the mind holds with thofe things: that. exift 
without it, In purfuing this inquiry, he foon became convin- 
ced, that magnitude, figure and impenetrability, are. no otherwife 
perceived by the mind.than colour, tafte and fmell ; that i 1s, that 
what are called the primary qualities of body; are precifely on 
the fame footing with the fecondary, and are both conceptions 
ef the mind, which ¢an have no refemblance to the external 
caufe by which thofe conceptions are produced.. The world, 
therefore, as conceived by us, is the creation of the mind irfelf, 
but of the mind acted on from without,. and receiving informa, 
| L2 tion: 
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tion from fome external power. But though, according to this 
reafoning, there be no refemblance between the world without 
us, and the notions that we form of it, though magnitude and — 
figure, though fpace, time and motion, have no exiftence but in 


‘the mind; yet our perceptions’ being confiftent, and regu- 
lated by conftant and uniform laws, are as much realities 


to us, as if they were the exact copies of things really exifting ; 


they equally intereft our happinefs, and muft equally determine 
our condué&. They form a fyftem, not dependent on the mind 


alone, but dependent on the action which certain external caufes 
have upon it. The whole doétrine, therefore, of moral obliga- 
tion, remains the fame in this fyftem, and in that which main- 


tains the perfeét refemblance of our ideas to 9 the caufes ia which 


they are produced. 
Many philofophers have regarded our tiles as very imper- 


fect reprefentations of external things ; but Dr Hutton confi- 


ders their perfe& diffimilitude as completely proved. PLato 


has likened the mind to an eye, fo fituated, as to fee nothing 


but the faint images of objects projected on the bottom of a dark — 
cave, while the objects themfelves are entirely concealed ; but he 
thinks, that by help of philofephy, the mental eye may be di- 
rected toward the mouth of the cave, and may perceive the ob- 


jects in their true figure and dimenfions. But, with Dr Hur- 
Ton, the figures feen at the bottom of the cave have no refem- 
blance to the originals without; nor ¢an man, by any contri- 


vance, hold communication with thofe originals, nor ever know 


any thing about them, except that they are not what they feem 


to be, and have no property in common with the fgures which 
denote their exiftence. In a word, external things no more 
like the perceptions they give rife’ to, than’ wine-is fimilar to in- 
toxication, or opium to the delirium which it produces, 
Ir has been already remarked, that this fyftem, however pe- 
culiar in duces refpects, involves in it the fame principles of mo- 
rals 
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‘tals with thoft more generally received ; and the fame may be 
- faid as to the exiftence of Gop, and the immortality of the foul. 
The view which it prefents of the latter doctrine, deferves parti- 
cularly to be remarked. Death is not regarded here as the dif- 
_ folution of a connexion between mind, and that fyftem of ma- 
terial organs, by means of which it communicated with the ex- 
- ternal world, but merely as an effect of the mind’s ceafing to 
perceive a particular order or clafs of things; it is therefore 
only the termination of a certain mode of thought; and the 
extinGtion, not of any. mental power, but of a train of con- 
ceptions, which, in confequence of external impulfe, had exifted 
in the mind. Thus, as nothing effential to intelle@tual power 
perifhes, we are to confider death only as a paflage from one 
condition of thought to another ; and hence this fyftem appear- 
ed, to the author of it, to afford’a ftronger argument than any 
ether, for the exiftence of the mind after death. 
_ Inpeep, Dr Hutton has taken great pains to deduce from 
his fyftem, in a regular manner, the leading doctrines of mora- 
lity and natural religion, having dedicated the third volume of 
his book almoft wholly to that obje&. It is worthy of remark, 
that while he is thus employed, his ftyle affumes a better tone, 
and a much greater degree of perfpicuity, than it ufually poffeffes. 
Many inftances might be pointed out, where the warmth of his 
benevolent and moral feelings burfts through the clouds that fo 
often veil from us the cleareft ideas of his underftanding. One, 
in particular, deferves notice, in which he treats of the import- 
ance of the female charatter to fociety, in a ftate of high civili- 
zation *. .A felicity of expreffion, and a flow of natural elo- 
quence, infpired by fo interefting a fubject, make us regret that 
his pen did not more frequently do juftice to his thoughts. — 
THE metaphyfical theory, of which the outline, (though very 
icapeetois has now been traced, cannot fail to recall the opi- 
| nions 


° Inveftigation of the Principles of Knowledge, Vol. Ill, p. 588. &c. 
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nions maintained by Dr BERKELEY concerning the exiftence of 
matter. The two fyftems do indeed agree in one material point, 
but differ effentially in the reft.: They agree in maintaining, 
that the conceptions of the mind are not copied from things of 
the fame kind exifting without it ; but they differin this, that Dr _ 
BERKELEY imagined that there is nothing at all external, and 
that it is by the direct agency of the Deity that fenfation and . 
perception are produced in the mind. Dr:HuTron jholds, on 
the other hand, that there is an external exiftence, from which 
the mind receives its information, and by the a@tion of which, 
impreflions are made on it; but impreflions that do not at all 
refemble the powers by which they are caufed. 

THE reafonings alfo by which the two theories are fupported, 
_ are very diflimilar, though perhaps they fo far agree, that if Dr 
BER KELEY had been better acquainted with phyfics,and had made 
it more a rule to exclude all hypothefis, he would have arrived pre- 
cifely at the fame conclufion with Dr Hutton. Indeed, I cannot 
help being of opinion, that every one will do fo, who, in invefti- 
gating the origin of our perceptions, determines to reafon with- 
out afluming any hypothefis, and without taking for granted 
any of thofe maxims which the mind 1s difpofed to receive, ei- 
ther, as fome philofophers fay, from habit, or, as others. main- 
tain, from an inftinctive determination, (fuch as has been term- 
ed common fenfe) that admits of no analyfis. Though this may. 
not be the kind of reafoning beft fuited to the fubjedt, yet it is fo 
analogous to what fucceeds in other cafes, that it is good to have — 
an example of it, and, on that account, were it for nothing elfe, the 
theory we are now fpeaking of certainly merits. more attention 
than it has yet met with *. i great fize of of cues and. the 


*] HAVE eg found this work of Dr Hurron’s ponies by any writer of 
eminence, except by Dr Par, in his Spzta/ Sermon, a tratt_no lefs remarkable. for 
learning and acutenefs, than sd the liberality and candour of the fentiments which: 
it contains. 
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ebfcurity which may juftly be objeéted to many parts of it, have 
probably prevented it from being received as it deferves, even 
among thofe who are converfant with abftraét fpeculation. 
An abridgment of it, judicioufly executed, fo as to {tate the 
argument in a manner both perfpicuous and concife, would, [ 
am, perfuaded, make a valuable addition to. {ci- 
ences: | 
THE publication of this work was Dr Hou: UTTON’s 
on his recovery from a fevere illnefs, with which he was feized in 
fummer 1793. Before this time he had enjoyed a long conti- 
nuance of good health, and great activity both of body and mind. 
The diforder that now attacked him,(a retention of urine),was one. 
of thofe that moft immediately threaten life, and he was preferved 
only by fubmitting toa dangerous, and painful operation. He was | 
thus reduced to a ftate of great weaknefs, and was confined to 
his room for many months. By degrees, however, the goodnefs 
_ of his conftitution, aided, no doubt, by the vigour and elafticity 
of his mind, reftored him to a confiderable meafure of health, 
and rendered his recovery much more complete than could have 
been expected. One of his amufements, when he had regained 
fome tolerable degree of ftrength, was in fuperintending the pu- 
blication, and correcting the of the work men- 
tioned, 7 

Duninc his convalefcence, his activity was farther called i into 
exertion, by an attack on his Theory of the Earth, made by Mr Krr- 
WAN, in the Memoirs of | the Irifh Academy *, i and rendered formi- 
dable, 


* Tuts was not the firft attack which bad been made on his theory, for M. De 
Luc, in a feries of letters, inferted in the Monthly Review for 1790 and 1791, 
had combated feveral of the leading opinions contained in it. To thefe Dr 
Hutton made no other reply, than is to be met with occafionally in the enlarged 
edition of his Theory, publifhed four years afterwards. If I do not miftake, how- 
he a more and adtually fent one to the editors 

| of 


| 
| 
| 
| 
| 
| 
} 
i 
| 
5 


86 HISTORY of th SOCIETY. 


dable, not by the ftrength of the arguments it employed, but 
by the name of the author, the heavy charges which it brought 


forward, and the grofs. in which it abound- 
ed *, 

this period, though Dr had been ur- 
ged by his friends to publifi his entire work on the Theory of 
the Earth, he had continually put off the publication, and there 
feemed to be fome danger that it would not take place in his 
own life time. The very day, however, after Mr Kirwan’s 
paper was put into his hands, he began the revifal of his manu- 
{cript, and refolved immediately to fend it to the prefs. The 
reafon he gave was, that Mr Kirwaw. had in fo many inftances 


completely miftaken, both the facts, and the reafonings in his 


Theory, that he faw the neceflity of laying before the world a 
more ample explanation of them. The work was according- 


ly publifhed, in two volumes oétavo, in 1795; and contain- 
ed, befides what was formerly given in the Edinburgh Tranfac- 


tious, the proofs and reafonings much more in detail, and a 
much fuller application of the principles to the explanation of 
appearances. The two volumes, however, then publifhed, do 
not complete the theory: a third, neceflary for that pape, re- 
mained behind, and is ftill in 


AFTER 


of the fame Review, who refufed to infert it. This, indeed, I do not flate with 
perfeét confidence, as I {peak only from recolle¢tion, and would not, on that au- 
thority, bring-a pofitive charge of partiality againft men who exercife a profeflion 
in which impartiality is the firft requifite. Suppofing, however, the ftatement 
here given to be corrett, an excufe is ftill left for the Reviewers ; they may fay, 
that in communicating original papers, as they do not aé in their judicial capaci- 
ty, they-are not bound to difpenfe juftice with their ufual blindnefs and feverity, 
but may be permitted-to relax a little from the —* of a virtue that-is fo of- 
ten left to be its own reward. 


* For a defence of Dr Hutton paar the voi here alluded to, I muft 
take the liberty of to the L/luflrations of the Huttonian Theory, p. 119. 
and 125. | 
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AFTER the publication of the work juft mentioned, he began 
to prepare another for the prefs, on a fubjeét which had early 
occupied his thoughts, and had. been at no tithe of his life en- 
- tirely neglected. This fubje was hufbandry, on which he had 
written a great deal, the fruit both of his reading and experience; . 
and he now propofed to reduce the whole into a fyftematic form, 
under the title of Elements of Agriculture, This work, which he 
nearly completed, remains in manufcript. It is written with — 
confiderable perfpicuity ; and though I can judge but very im- 
perfectly of its merits, I can venture to fay, that it contains a 
great deal of folid and practical knowledge, without any of the 
vague and unphilofophic theory fo common in books on the 
fame fubject. In particular, I muft obferve, that where it treats 
of climate, and the influence of heat, in accelerating the maturity 
of piants, it furnifhes feveral views that appear to be perfectly 
new, and that are certainly highly interefting. 

TuE period, however, was now not far diftant, which was to 
terminate the exertions of a mind of fuch fingular aGtivity, and 
of fuch ardour in the purfuit of knowledge. Not long after the 
time we are {peaking of, Dr Hutton was again attacked by the 
fame diforder from which he had already made fo remarkable 
a recovery. He was again faved from the danger that immediate- 
ly threatened him, but his conftitution. had materially fuffered, 
and nothing could reftore him to his former ftrength. He 
recovered, indeed, fo far as to amufe himfelf with ftudy, and 
with the converfation of his friends, and even to go on with the 
work on agriculture, which was nearly completed. He was, 
however, confined entirely to the houfe ; and in the courfe of 
the winter 1796-7, he became. gradually weaker, was extreme- 
ly emaciated, and fuffered much pain, but {till retained the 
full aétivity and acutenefs of his mind. He conftantly employ- 
_. ed himfelf in reading and writing, and was particularly pleafed 
with the third and fourth volumes of Saussure’s Voyages 
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aux Alpes, which reached him. in the courfe of that winter, and — 
became the laft ftudy of one eminent geologift, as they were the 

laft work of another. On Saturday the 26th of March he fuf- 
fered a good deal of pain; but, neverthelefs, employed himfelf — 
in writing, and particularly. in noting down his remarks: ‘on 

fome attempts which-were then makiag towards a new minera- 
logical nomenclature. In the evening he was feized with a fhi- 
vering, and his uneafinefs continuing to increafe; he fent for his 
friend Mr RussEx, who attended him as his furgeon. Before 
he could poflibly arrive, all medical affiftance-was in vain: Dr 
Hutton had juft ftrength left to ftretch out vane — to him, 
and immediately 


Dr Hutton poffelted, in an eminent degree, the talents, the 
acquirements, and the temper, which entitle a man to the name 
of a philofopher. The direction of his ftudies, though in fome 
refpeéts irregular and uncommon, had been highly favourable 
to the developement of his natural powers, efpecially of that 
quick penetration, and that originality of thought, which ftrong- 
‘ly marked his intelle¢tual chara@ter. From his firft outfet in 
fcience, he had purfued the track of experiment and obfervation, 
and it was not till after being long exercifed in this {chool, that 
he entered on the field of general and abftraét {peculation. He 
combined accordingly, through his whole life, the powers of an 
accurate obferver, and of a fagacious theorift, and was as cau- 
tious and patient in the former character, as yhe'y was bold and 
rapid in the latter. 7 

Lone and continued prattice had increafed his powers of 
obfervation to a high degree of perfection ; fo that, in difcrimi- _ 
nating mineral fubftances, and in feizing the affinities or dif- — 
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ferences among geological appearances, he had an acutenefs hard: 
ly to be excelled. The eulogy fo happily conveyed in the Italian 
phrafe, of offervatore oculatifimo, might moft juftly be applied to 
him ; ‘for, with an accurate eye for pereciving the characters of 
natural objects, he had in‘ equal perfection’ ‘the power ‘Of. inter 
preting their’ fignification, and of decyphering thofe ancient hie- 
roglyphics which record the revolutions of the globe. “There 
may have been other mineralogifts, who could defcribe as well 
the fracture, the figure, the finell, or the colour ofa fpecimen ; 
but there have been few who equalled’ him in reading the cha- 
raters, which tell not only what a foffil 7s, but what it das deen, 
and declare the’ feries of changes through which ‘it has paffed. 
His expertnefs in this art, the finenefs of his obfervations, and 
the ingenuity’ of his reafonings, were truly admirable. “ft 
would, I am perfuaded, be difficult to find in any of the fc1- 
ences a better illuftration of the profound maxims eftablifhed by 
BACON, in his Prarogative Inflantiarum, than were often afford~ 
ed by Dr Hutrron’s mineralogical difquifitions, when he exhi- 
bited his fpecimens, and difcourfed on them with his friends. 
No one could better apply: the luminous inftances to elucidate 
the obfcure, the decifive to interpret the doubtful, or the fimple — 
to unravel the complex. . None was more {kilful in marking the 
gradations of nature, as fhe pafles from one extreme to:another ; 
more diligent in obferving the continuity of her proceedings, or 
him, ‘therefore;: was not a mere 
names ‘and external ‘chara@ters, (though he was fingularly ‘well 
verfed in that: ftudy:‘alfo), but: inowds a fublime and import-_ 
ant branch of. phyfical fcience, which ‘had for its object to un- 
fold the connexion between the paft;: the prefent,'and the future 
conditions of the globe. Accordingly, his collection of foffils was 
formed for explaining the principles of geology; and for illuftra- 
: M2 ting 
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ting ‘the changes which mineral fubftances have gone through, 
an the paffage which, according to all theories, they have made, 
from a foft or fluid, to a hard and folid ftate, and from immer- 
fion under the ocean, to elevation above its furface.. The fe- 
ries of thefe changes, and the relative antiquity of the different ~ 
fteps by which they have been effected, were the objets which — 
he had in view to explain ; and his cabinet, though well adapted — 
to this ead, with regard to other purpofes was very imperfe&. 
They who expect to find, in a colle€tion, fpecimens of all the fpe- 
cies, and all the varieties, mto which a fyftem of artificial ar- 
‘rangement may have divided the foflil kingdom, will perhaps 
turn faftidioufly from one that is not remarkable either for the 
number or brilliancy of the objets contained in it. They, on 
the other hand, will think it highly imterefting, who with to rea- 
fon concerning the natural hiftory.of minerals, and who are not 
lefs eager to become acquainted with the laws that govern, than 
with the individuals that compofe, the foffil kingdom. _ 
THE lofs fuftained by the death of Dr Hutton, was aggra- 
vated, to thofe who knew him, by the confideration of how much 
of his knowledge had perifhed with himfelf, and, notwithftanding 
all that he had written, how much of the lght collected by a 
long life of experience and obfervation, was now completely ex- 
tinguifhed. It 1s indeed melancholy to reflect, that with all who 
make proficiency in the fciences founded on nice and delicate 
obfervation, fomething of this fort muft unavoidably happen. 
The experienced eye, the power of perceiving the minute differen- 
ces, and fine analagies, which difcriminate or unite the objects 
of fcience; and the veadinefs of comparing new phenomena 
with others already treafured up am.the mund ; thefe are accom- 
plifhments which no rules can teach, and no precepts can put us 
in poffeffion of. This is a portion of knowledge which every 
‘man muft acquire for himfelf, and which nobedy can leave as | 
an inheritance to his fucceffor. it feems, indeed, as if nature 
had 
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had in this: inftance admitted an exception to the rule, by which 

fhe: has.-ordained, the perpetual accumulation of knowledge 
among civilized men, and had deftined a confiderable portion 
_of to up and perith with, the 
Gaal 


A, CIRCUMSTANCE which. diftinguithed he 


tual character of the philofopher of whom we now fpeak, was 
- an uacommon activity and ardour of mind, upheld by the 
greateft admiration of whatever in {cience was new, beautiful, 


or fublime. The acquifitions of fortune, and the enjoyments 


which moft directly addrefs the fenfes, do not call up more live- 
ly expreffions of joy.in other men, than hearing of a new inven- 
tion, or being made acquainted with a new truth, would, at any 

time, do.in Dr Hutrow. This fenfibility to intellectual plea- 
fare, was not ‘confined to a few objets, nor to the fciences 
owhich he: particularly cultivated :: he would rejoice over WaTT’s 
‘improvements on: the: fleam-engine, or Coox’s difcoveries in 

‘the South Sea, with all the warmth:of a man who was to fhare 
in the honour or the profit about to accrue from them. The 

fire of his expreflion, on fuch occafions, and the animation of | 
his countenance and manner, are not to be defcribed ; they were 
always feen with great delight by thofe who could enter into his 

could not. - 

this exquifite relifh for is beantiful and 

blime j in {cience, we may eafily conceive what pleafure he de- 
xived from his own geological {peculations. The novelty and 
grandeur of the objects offered by them to the imagination, 
the fimple and uniform order given to the whole natural hiftory 
of the earth, and, above all, the views opened of the wifdom. that. 
governs nature, are things to which hardly any man ‘could be 

infenfible ; but to > him they were matter, not of tranfient delight, 

but 
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but of folid and permanent happinefs. Few fyftems, indeed, were 
better calculated than his, to entertain their author with fuch 
noble and magnificent profpeéts ; and no author was ever more 
difpofed to confider the enjoyment of — as the full and ade- 
quate reward of his labours. a. 
"THE great range-which he had: in has fifficient- 
ly appeared, from the account already given of his‘ works *. 
There were, indeed hardly any {ciences, except the” mathe- 
matical, to which he had not turned his attention, and his 
negle@t of thefe probably arofe from ‘this, ‘that, at the time 
-when-his acquaintance with them fhould have commenced, his 
love of knowledge had already ‘fixed itfelf on other objeéts. The 
aptitude of his mind for geometrical reafoning, was, however, 
proved on many occafions. | His theory of ‘rain refts on mathe- — 
matical principles, and the con¢lufions deduced from them are 
perfeétly accurate, though by no means obvious. I may add, that — 
he had an uncommon facility ‘in comprehending the nature of 
‘mechanical contrivances ; ‘and, for one who was not a practical 
engineer, could form, beforehand, very: found — con- 
NoTWITHSTANDING a tafte for fuch various vcaniaiiin and 
a mind of fuch conftant aétivity, he read but few fpeculative | 
books, dire¢ting his attention chiefly to fuch'as furnifhed the ma- 
terials of {peculation. Of voyages, travels, and books relating to 


He had findied great care feveral. fubjeds of which no mention is 
ubove. One of thefe was the Formation, or, as we may rather call it, the Natu- 
ral Hittory of Language. A portion of his metaphyfical work is dedicated 
to the Theory of Language, vol. I. Dp: 574, &e.; and ‘vol. II. P- 624, 8c. He 
feveral very ingenious papers/on the Written Language, inthe Royal Society 
of Edinburgh, fee Tranfactions of the Royal Society of Edinburgh, vol. Al. 
p- 5. &c. The Chinefe language, as an extreme cafe in the.invention of writing, 
had greatly occupied his thoughts, and j is the fubjeét of feveral of his manufcripts. 
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the natural, hiftory of the earth, he had an extenfive knowledge : 


he had ftudied. them: with: that critical difcuffion which fuch > 
books require above all others; carefully colleCting from them the 


facts that appeared accurate, and correcting the narratives that 


were imperfedt, either by.a comparifon with one another, or by — 


applying to them the ftandard of probability which his own ob- 
fervation and judgment: had furnifhed him with.:» On the other 
hand, he beftowed but little attention on books of opinion and the- 
ory ; and while he truftedto the efforts of his mind for digefting 
the facts he had obtained from. ses or experience, into a fyftem. 


plifhed, to be of. the views, which other philifophiers 


had taken of the fame‘fubjeét. He was but little difpofed to con- 
cede any thing to mere authority ; and to his indifference about 
the opinions of former theerifts, it is probable that his own 
fpeculations owed fome, beth of their and their 
defects. 


As he was edeitetils. | in fondle and was in the habit of 


ufing his pen continually as an inftrument of thought, he wrote: 


a great. stl and has left behind him an incredible oer of 


Indeed. his. manner of, life, at leaft after he left off the occupations 


of hufbandry, gave him fuch.a command of his time, as is en-’ 


joyed by very few. Though he ufed to rife late, he began imme- 
diately to ftudy, and generally continued bufy tilldinner. He di- 


~ ned early, almoft always at home, and. pailed very little time.at 


table ; for he ate {paringly, and drank no wine. After.dinner he 
refumed his ftudies, or, if the weather was fine, walked for two or 
three hours, when he could not be faid to give up ftudy,, though 
he might, perhaps, change the object of it. The evening he al- 
ways fpent in the fociety of his friends. No profeffional, and 
rarely any domeftic arrangements interrupted this uniform courfe 
of ws fo that his time was whens divided between the purfuits 


of 
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of fcience and the converfation of his friends, unlefs when he’ 


travelled from home on feme excurfion, from which he never 


failed to return furnifhed with new materials for birt id in- 

To his, friends his was ineftimable as great 
talents, the moft perfe&t candour, and the utmoft fimplicity — 
- character and manners, all united to ftamp a value upon 
ns ‘He had, indeed, that genuine fimplicity, originating in the 

Slee of all felfifhnefs and vanity, by which a man lofes fight 

of himfelf altogether, and neither conceals what is, nor affects 
what is not. This fimplicity pervaded his whole conduét ; 
while his manner, which was peculiar, but highly pleafing, dif- 
played a degree of vivacity, hardly ever to be'found among men 
of profound and abftraét fpeculation. His great livelinefs, added 
to this aptnefs to lofe fight. ‘of himfelf, ‘would fometimes lead 
him into little excentricities, that formed an amufing contratt 
with the graver habits of a philofophic life. 

_ Tuoucu extreme fimplicity of manner does not acitreierily 
impart a degree of . feeblenefs to the expreffion of thought, 
the contrary was true of Dr Hutton. His converfation was: 
extremely animated and forcible, and, whether ferious or gay, 
full of ingenious and original obfervation.’ Great informa- 
tion, and an excellent memory, fupplied an inexhauftible fund 
of illuftration, always happily introduced, and in which, when 
the fubject admitted of it, the witty and the Inudicrous never 
failed to occupy a confiderable place.—But it is impoffible by 
words to convey any idea of the effeét of his converfation, and of 
the impreflion made by fo much philofophy, gaiety and humour, 
accompanied by a manner at once fo animated and fo fimple. 
Things are made known only by is 
unique admits of no defcription. | 

Tue whole exterior of Dr Hurron was éatcnlated to heighten 
the effect which his converfation Bess His figure was 

| flender 
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flender, but «indicated. adtivity ; 3. while: a .thin- ‘counténance, 
a high forehead,,and.a nofe fomewhat aquiline, befpoke ex- 
traordinary acutenefs.and vigour, of mind. ~His; eye was pe- 


netrating and keen, but full of gentlenefs and bénignity;; and 


even his drefs, plain, and all of sone colour; was.in- perfect har-: 
mony with.the: reft: of the pi€ture, and’ feemed to:give 
to. its charatteriftic features. sud 10% boi) 
THE friendfhip that ‘fubfifted between and Dr Bunce 
has been already mentioned, and was: indeed, a diftinguifhing. 
circumftance in the life and character of both. . There was in! 
thefe two excellent men; that fimilarity of. difpofition which. 


muft be the foundation, of all friendfhip, and; at the fame time, 
that degree of diverfity, which feems neceflary:to give to oaks 


the higheft relifh for the fociety of one another.» 


_Tuey both cultivated nearly the fame: branches fi phyfice, | 
and. entertained concerning them mearly. the : fame: opinions. 


They were both formed with a tafte for what is beautiful and 
great-in {cience; with minds inventive, and fertile in new 
combinations. Both poffeffed manners of the moft genuine ‘fim- 


plicity, and in every. action, difcovered the. fincerity| and. can-. 


dour ‘of. their. difpofitions ; yet they were.in many things: ex- 
tremely. diffimilar. Ardour, and even. enthufiafn, i in the purfuit 
of. {cience, great rapidity of thought, and much animation, di-. 


ftinguifhed Dr Hurron on_all occafions. Great caution in 


his reafonings,, and a, coolnefs of head ,that even approached to 


indifference, were chara¢teriftic of Dr Brack. On attending to 


their converfation, and ;the way,in which they treated any que- 


{tion of fcience, or philofophy, one would fay that Dr 


dreaded nothing.fo much as error, Dr dread- 


i? GD 


* A PORTRAIT Dr by for late, Ds, 


VIDSON, Efq; of Stewartfield, one of his old and intimate friends, conveys a good 


idea of a phyfiognomy and character of face to which it was difficult to do complete 
juttice. 
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ed nothing: fo much as ignorance; that the one was always 


afraid of going beyond the truth, and the other of not reaching: 


it. The ccuriofity of the latter was by:much the moft eafily 


awakened, and its impulfe moft powerful and impeérious.:' With 


the former, it was a defire which he could fufpend and lay:afleep 
for a time; with the other, it was an appetite that might be fa~ 


 tisfied for a moment, but was fyre to be quickly. renewed. Even: 


the fimplicity of manner which was pofleffed by both thefe phi- 


 lofophers, was. by no means precifely the fame... That of Dr 


BLACK was correét, refpeCting at all times the prejudices and 


 fafhions of the world; that of Dr Hutrown: was more 


and was often found in direét collifion with both. | shipcct 

_ From. thefe diverfities, their fociety was infinitely isGter!: 
both to themfelves and thofe about them. Each had fomething | 
to give which the other was in want of. Dr’ BLack derived 
great amufement from the vivacity of his: friend, the ‘fallies of 


_ his wit, the glow and original turn of his expreffion ; and ‘that 


calmnefs and ferenity of mind which, even in a man of genius, 
may border on languor or monotony, received a pleafing gp ance 
by fympathy with more powerful emotions. 

On the other hand, the coolnefs of Dr: Biack, the jal 
cioufnefs and folidity of his reflections, ferved to temper the 


zeal, and reftrain the impetuofity of Dr Huron. In: every 


material point of philofophy they perfectly agreed. The theory 
of the earth had been a fubjet of difcuffion with them for 
many years, and Dr Biacx fubfcribed entirely to the fyftem of 
his friend. In fcience, nothing certainly 3 is due to authority, ex- 
cept a careful examination of the opinions which it fupports. 
It is not meant to claim any more than this in favour of the 
Huttonian Geology; but they who reject that fyftem, with- 


‘out examination, would do well to confider, that it had the - 


entire and unqualified approbation of one of the cooleft, and 
| _foundeft 
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foundeft reafoners fi which: the. prefent age | ex- 
“Ma of Elden was friend, with whom, in. 
fication, of his theory, Dr Hutron maintained a conftant 
communication... Mr Crerk, perhaps from the extenfive pro- 
perty which his ‘family had. in the coal-mines near Edinburgh, 
was early interefted in the purfuits of mineralogy. His in- 
quiries, however, were never confined to the objects which mere 
fituation might point out, and, through his whole life, have been 
much more direéted by the irrefiftible impulfe of genius, than by 
the action of external circumftances. Though not bred to the fea, 
he is well known to have ftudied the principles of naval war with 
unexampled fuccefs ; and: though not exercifing the profeffion of 
arms, he has viewed: every country through which he 
took i in ftudying the furface no lefs than the interior rook the 
earth ; his extenfive information in moft branches of natural hi- 
ftory ; ; a mind of great refource, and great readinefs of inven- 
tion ; made him, to Dr. Hutton, an invaluable friend and co- 
adjutor. It cannot be doubted, that, in many parts, the fyftem 
of the latter has had great, obligations to the ingenuity. of the 
_ former, though the unreferved intercourfe of friendthip, and the 
adjuftments produced by. mutual fuggeftion, might render thofe 
parts, undiftinguifhable even by. the authors themfelves. Mr 
CuERK’s pencil was ever at the command of his. friend, and 
‘has certainly rendered him moft effential fervice. 
-__ Burit was not to philofophers and men of f{eience only that Dr | 
Horton’ converfation was agreeable. He was little known, 
indeed, :in general company, and had no great relifh for the 
enjoyment which it affords; yet he was fond of domeftic 
fociety, and took great delight in a few private circles, 
where feveral excellent and accomplifhed individuals of both 
fexes thought themfelves happy to be reckoned in the num- 
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ber of his friends. In one or other Of thefe, he was aceu- 
ftomed almoft every evening to feek relaxation from the ftudies 
of the day, and found always ‘the moft cordial welcome. A 
brighter tint of gaiety and chearfulnefs ‘fpread itfelf over every 
countenance when the Doétor entered the room} and the phi- 
lofopher who had juft defcended from the fublimeft fpeculations 
of metaphyfics, or rifen from the deepeft refearches of geology, 


, feated himfelf at the tea-table, as much difengaged from thought, 


as chearful and gay, as the youngeft of ‘the company. Thefe 
parties were ‘delightful, and, by all who have had the happinefs 
to be prefent at them, will never r ceafe to” ‘be remembered _— 

~ He ufed alfo regularly to unbend himfelf with a few friends, 
in the little fociety alluded to in’ Profeffor : STEWART’s: Life 
of Mr Smiru, and ufually known by the ‘name’ of the’ Oy- 
fler Club. This club met weekly ; the original’ members of 
it were Mr Smiru, Dr Brack, and Dr Horton, and round 
them was foon formed a knot of thofe who knew how to 
value the familiar ‘and focial converfe of thefe illuftrious men. 
‘As all the- three poffeffed: preat talents, ‘enlarged “views, and 
extenfive information, without any of the ftatelinefs and forma- 
ity which men of letters think it fometimes neceffary to affect ; 

as they were all three eafily amufed ; were equally prepared to 
fpeak and to liften ;‘and‘as the fincerity of their friendfhip had 
never’ been darkened by the leaft fhade of envy ; would be 
hard to find an example, where every thing favourable to good 
fociety was more perfectly united, and every thing adverfe more 
entirely excluded. The converfation’ was always free, often 
fcientific, but never didactic or difputatious ; and as this club 
was much the refort’ of the’ ftrangers who vifited Edinburgh, 
from any object conneéted with art or with fcience, it derived 
from thence an extraordinary rarer of Me intereft. It 
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is matter of real seit that it has been unable to teivive 3 its 
founders. 
“Tue fimplicity of manner that vem been already remarked as 
fo ftrikingly exemplified in Dr Hutton, was but a part of an ex- 
treme difintereftednefs which manifefted itfelf in every thing he 
did. He was upright, candid, and fincere ; ftrongly attached to 
his friends ; ready to-facrifice any thing to aflift them ; humane 
and. charitable. He fet no great value on money, or, perhaps, 
to {peak properly, he fet on it no more than its true value ; yet, 
owing to the moderation of his manner of life, and the ability 
with which his friend Mr Davi£ conduéted their joint | con- 
cerns, he acquired confiderable wealth. 
HE was never married, but lived with his fifters, three excel- 
~ lent women, who managed his domeftic affairs; and of whom, 
only one, Mifs IsaBELLA HutTTon, remained to lament his 
death. By her his collection of foffils, about which he left no 
particular inftruétions, was prefented to Dr BLack; who 
thought that he could not better confult the advantage “ the 
public, or the credit of his friend, than by giving it to the Royal 
Society of Edinburgh, under the condition that it fhould be 
completely arranged, and kept for ever feparate, for the purpofe : 
of illuftrating the HurTonrAN THEORY. OF THE EARTH. 
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PHE merits of ftudious men ate t to be eftimated by the aids. 
, they have given to the advancement of {cience, or the lite- 
rary monuments they have left with pofterity ; but if the public 
bé ‘gratified by their Jabours in thefe refpects, readets are gene- 
rally willing alfo to be told, who and whence they were. mo 
Joszrn Brack, the perfon to whom thefe minutes. relate,. 
fucceflively Profeffor in the Univerfities of Glafgow and of 
Edinburgh, Member of this Society, and of other royal and 
public inftitutions in Europe; having made important dif- _ 
coveries, and having laid the foundations of many others, to- 
_ wards erecting a fabric of {cience, which has fince been raifed to- 
a confiderable height ; and having been himfelf diftinguifhed for 
modefty and felicity of manners, as well as correétnefs of under- 
ftanding, and ingenuity of refearch,—will, it.is hoped, be thought 
worthy of notice on thefe accounts. He was born on the banks. 
of the Garrone, in France, in the year 1728. His parents were 
Irifh and Scots. His father, Joun Back, a native of Belfaft in. 
Ireland, was fettled in the wine-trade at Bourdeaux. His mo- 
ther was a daughter of ROBERT Gorpon, of the family of Hal-- 
head in Aberdeenfhire, who was likewife fettled in the fame. 
trade, and at the fame place, and in confequence of his. fuccefs,, 
was enabled to purchafe, vie additions, the eftate of his.elder- 
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brother, greatly encumbered by the debts of thofe who had niet 
feffed ‘it for fome generations preceding. ‘The mother of Jo- 
SEPH BLACK, and the mother of f JAMES Russg1, late Profeflor 
of Natural Philofophy in the Univerfity of “Edinburgh, were fif- 
ters; and the mother of Apam FEercuson, Profeffor of Moral 
: Philately, was their aunt; a circumftance which was the origin, 
though not the cement, of a Frendthup, fabhfting between them 
through life. 

Wuit_e Mr Brack, she father, lived at Bourdeaux, the great 
MonTEsquteu, being Prefident of the Parliament or Court of 
Juftice in that province, honoured Mr Brack with a friendfhip 
and intimacy, of which his defcendants, to this hour, are juftly 
proud. ‘They preferve letters, or feraps of correfpondence, that 
paffed between the Prefident Mon TESQUIEU and their anceftor, 
as they would titles of honour defcending i in their. race. On a 
paper wrapped round a bundle of fuch letters, the ‘following 
note 1s found in the handwriting: of Joszrx BLACK. My. fa- 
ther was honoured with Prefident friendthip, 
“ on account of his good character and virtues. He had no 
“ambition to be very rich ; but was chearful and. contented, 
“Benevolent and liberal-ininded. was induftrious and pru- 
“ dent in bufinefs, of the ftriGeft probity and honour, very 
temperate and regular in his manner of life, He and my. 
Bi: ‘mother, who ‘ was equally domeftic, educated thirteen. of their 
“© children, eight. fons | and five daughters, who all g grew up to 
“ men and” women, ‘and were ‘fettled 3 in different places. My 
‘mother taught’ her children. to read Englith, there no 
{chool for that purpofe at Bourdeaux.”. | 

So much may. ‘fuflice for an account of Josurn pa- 
rentage. No words, added to thofe ufed by | his fon, to delingate 
the father’s character, - can improve it; and nothing more is 
wanting, to account for the regard with which he was honour- 
ed by the Prefident MonTesquigv. | This illuftrious perfonage, 


| 
| 
| 
| 
| 
| 
| 


of Dr BLACK. ‘103 


with a great fimiplicity ‘of heart in hitfifelf, a glow-— 


ing fenfe of modeft’merit in’ others,"and ‘a partiality: alfo for the 
manners “and ‘inftitutions of the Britifh nations, which he 


thought: fingularly happy; and in refpec of which, he willingly | 


liftened: to: any: ‘important details. “On being made acquainted 


with Buck's intention of leaving’ Bourdeaux, ‘he wrote to 


a letter, in which, with other expreflions of kindnefs, are the fol- 
lowing: “I dinndebe reconciled to the thoughts of your leaving 
“ Bourdeaux. I lofe the moft agreeable pleafure I had, that of 
“* feeing you oftéa, and forgetting myfelf with you *.” - 


FEw’years before Mr Brack retired from bufinefs, ‘his fon 


qos EPH, in the year’ 1740, being about twelve years of age, was 
fent home in order to have the ‘education of -a' Britifh fabject 5 
and having, for fome years, gone to fchool at Belfaft, or its 
neighbourhood, was fent to continue: his’ education at ‘Glafgow 
College; where‘ he paffed through the. ordinary courfe of prepa- 
ration for any of the learned profeffions to which he might de- 


vote himfelf ; and ‘upon’ his father’s requiring him to make a 


choice, he took to medicine, as agreeable to the habit of 3 a jase 
ftudies which he-had already acquired.’ 

In entering on this purfuit, he betariie with die 
celebrated WiLt1am CuLLeN, M. D. then Profeffor of Medicine 
at Glafgow, and was diftinguifhed through life: by this inge- 


nious man with an uncommon degree of friendfhip: and confi- 


dence, which he did not: fail to acknowledge and to return. In 
continuing the fame- ftudies afterwards at Edinburgh, he, as well 
as ADAM FERGUSON, lived. with their relation James RussgEt, 
whofe fingular correétnefs, and precifion of thought, in various 
branches of could not to ufe to all who 


Je ne me fais point a Vidée de vous voir. quitter le 
“ plaifir le plus agréable que j _— qui croit de vous voir fou aed et de m’ou- 
blier avec vous.” 


| 
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Berore JosEpu Brack offered himfelf a candidate for a de- 
gree in medicine, he had. already made his’ difcovery of . Fixed 
Air ; that is to fay, of an elaftic fluid, which being fixed in cal- 
careous and alkaline fubftances, is-difpelled from them in their 
calcination by fire, or effervefcence with acids, Jeaving’,a refi- 
duum, which, in the abfence.of this air with which it had been 
combined, becomes cauftic 3 .a quality which it retains until the 
air of which it was deprived is again weftored.. -Pure chalk, or 

pure calcareous matter of any form, in this experiment, lofes . 
_ about two-fifths of its weight, or, more ; accurately, forty-one 
parts in the hundred. Here, accordingly, is a ready way of af- 
faying limeftone or marl, to afcertain its purity or its value, to 
the hufbandman in particular, w whe would. —" it to improve 
his foil. 

THE air in experiment has its pecalier qualities. 
Befides that of being fixable’in ftone, it is heavier than common 
air, its {pecific gravity being nearly double, Flame is extinguith- 
ed, and animals are fuffocated in it equally as in water. By this 
difcovery, notwithftanding the ingenious and -copious obferva- 
tions of Dr Hares and others, on the fubject of what were call- 
ed Factitious Airs, it was referved for Buacx to give a fpur 
and a new direétion to the refearches of fcience. 

From this beginning, great progrefs has been made i in iin 
guithing varieties of elaftic fluid, and in afcertaining the compo- 
fition of the atmofphere itfelf... Chemiftry was become a favou- 
rite ftudy in France, as it had long heenin-Germany, and the 
report of a new fpecies of air was every where received with avi- 
dity. The experiments of BLack were. repeated, and the infe- 
rences confirmed. by ingenious men both at home and abroad ; 
though by fome in Germany the refult was at firft contefted, 
and a controverfy arofe, in which it does not appear that Brack 
took any part, nor does any doubt now remain of the fadt, as fta- 

Vid. Opus Phyfiques ¢ et par M. 
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An elaftic fluid, indeed, of the fame qualities, has isi fince 
from various fources 5 ; from vinous: fermentation, from 
the earth, isfelf, laid open in grottos or fiffures, from mineral 
fprings, from. the breathing of animals, and from the combuttion 
of charcoal. This.air is found to have the properties | of an acid ; 
and the French. chemitts, being led by their experiments to con- 
fider it as produced by the union of the principle of charcoal 


with vital air, have laid afide the, appellation of Fixed Air, and 


-d that of Carbonic Acid Gas in its ftead. 

the refearches to: which. the ebfervation of fixed. air gave oc- 
portant, had been comparatively fmall, The compotition of the 
atmofphere, the diftin@tion of vital and mephitic air, the effects 
of refpiration, and the conjegtural theories of combuttion a and 
animal heat, might have remained unknown. _ 

HERE, however, no mean. progrefs has been made, names 
to0 numerous to be recited in fuch minutes as thefe, will, on ac- 
count of their part in thefe ftudies, go down, with well-merited 
luftre, to future ages.. Nations may hereafter contend for the 
honour of fuch difcoyeries as were made by Lavorster, Prigst- 
Ly and. others,*, not merely, pf fingle or infylated. facts, but of a 


* To we owe that air is ngt homoge- | 


neous, but compofed of nearly three parts of azot, which is not’ of any efft@ in 
refpiration, otherwife than as it dilutes the remaining fourth part, or the vital air, 
which, without being fo diluted, would be too intent either for the purpofe of ani- 
mal refpiration or of commen fire, = 

Fp ParestLex we owe the difcovery, that the well. known corruption or watte 


of vital air, in the burning of fuel, oz the refpiration of animals, is repaired in. 


the vegetation of plants. 


‘Ir in fcience there might be any choice of truths, would that 
| the decompofition of water may be found a miflake. aD 


j 

| 
t 


ne HISTORY of th SOCIETY. 


rich in the treafures of {cience, and each having much to boatt 
of its own, may, in the future, ’as in times paft, be jealous of 
what is gained by its neighbour ; ‘it is pleafant, however; to ob- 
ferve, that the individuals chiefly concerned were untainted with 
fach illiberal paffions. Lavoisier, in fending to BLACK a copy 
of his experiments on refpiration, tells him : : “Tris but jut. you 
“ fhould be one of ‘the firft ‘to receive information ‘of the pro- 
“ grefs made in a careér' which’ ‘you yourfelf ‘had opened, | 
“and in which (he fays) ‘all of us ‘here’ confider ourfelves as 
“your difciples *.” this BLacK replied, with a juft admi- 
ration of what the French chemifts were doing; and, as might 
be expected from his without reference to merit 
NEARLY about fame time that BLacx made the 
of fixed air, his mind was already at work on the phenomena of © 
latent heat. Among his papers are found fome note-books, in 
which he had inferted obfervations and queries, medical, chemi- 
cal, and mifcellaneous, accompanied with particular references 
or allufions to times and circumftances, which ferve to fix dates 
‘within certain limits at leaft. In‘one book,’ <he notes appear to 
have been written while he | was a ftudent'at Edinburgh, or can- 
didate for his degree, in the year 1756 ; at ‘which time he ‘made 
or publifhed his difcovery ‘of’ fixed air. In this book are’ con- 
tained conjectures and queries relating to the cold produced in 
the liquefaction of falt and fnow, ai and in general in the folution 
of falts in water. Seeming to have the doétrine of latent heat in 
his view, “ Is it not, ., he. fays,, 3 in one. place,. “ owing. to this 
“ that all bodies, in becoming | fluid,: have. for more 


“ heat than in their: folid ftate?” ‘In ‘another ‘he fays, 


; 


j 


* “ Ir eft bien jufte, Monfieur, que vous foyez un des premiers ehiods des. 
we progrés qui fe font dans une cariere que vous avez ouverte, et dans. laquelle nous 
“ nous regardons tous comme vos difciples.” 


v 

| | 

| | 

| 

| 

| 

| 

| 

| 
| 
| 
| 


LIFE of Dr BLACK. — 107 
Does not the heat produced in the flacking of quicklime, arife 


“ from the fudden fixing a part of this fluid (water) into a folid - 
‘« ftate ? Is not this the cafe in the fetting of gypfum?”” In the 


fame way he accounts for the intenfe cold produced by ice and ni- 
trous acid, applies the principle again to all faline folutions, and 


afcribes the flow granulation of falt to the re-appearance of heat. - 


* Is not ice,” he fays, “* cryftallized water? and does it not al- 


“ ways feel cold, becaufe it melts on our Masialiog it? -This is 


“: fimilar to the folution of falt in water.” Thefe notes, from 
circumftances intermixed, appear to have been written as early 
as. 1756. ‘In’a following note-book, which, from circumftances 
alfo, does not appear ‘to be of a’ later date than the year 1757; 
there are feveral queries, of the fame nature with thofe above 

mentioned, ‘particularly with refpeét to the curious obfervation 
of FARRENHEIT, that water, if not difturbed, will cool below 
32 degrees without freezing, but the moment it is difturbed, it 
raifes the thermometer to 32 degrees, and freezes. “ Is not this,” 
he fays, “the heat that is unneceflary to ice?’ In the fame 
~ note-book conjectures are carried {till farther, and applied-to the 
production of vapour. A way is mentioned to eftimate the 
‘quantity of heat which is employed and difappears in the for- 


mation of vapour, and cannot afterwards be difcovered by the 


thermometer. ae Place a phial, he fays,. “ with water, clofe- 


“ corked in:a ftove ; open it fuddenly, and fee how much of it | 


“ 4s converted 3 into vapour, while the water comes down to the 
«boiling point.” Obfervations to the fame effeét are continued 
through fix {mall noté-books ; ; in different places of which, it is 
obferved, ‘that animal heat originates in the lungs, and that heat 
always accompanies the prodti@tion ‘of fixed air. 

-° Brom thefe notes, it appears, that the experiments in which 
Back evinced his doctrine of latent heat to the fatisfaction of 
his pupils, were not made at random, or without previous appre- 
henfion of the. fad, as it appeared in the ordinary courfe of na- 
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ture or chemical phenomena. “ Heat,” he obferved,“ is in 


“ ture the principle of fluidity and evaporation, though, in pro- 
‘“* ducing thefe effects, it is latent in refpeét to the thermometer, 


“* or any fenfation of ours; and as matter, otherwife quiefcent, 


“ becomes voluble and volatile in liquid and in vapour, heat may 
“ be confidered in nature as the great principle of chemical 
“ movement and of life, If it pafs through vacuity as well as 
* through body, as it certainly does in its communication from 
‘* the fun to the planets, we muft confider it not as an accident 
‘* in bodies, but as a feparate and fpecific exiftence, not lefs fo 
“ than light or ele€tric matter*; and though agreeing with 
“* thefe in fome of its effects, in its nature poflibly different from 


either.” But fuch was Buacx’s caution not to outrun the 
— courfe of actual evidence, that he declined any difcuflion of the 


queftion, relating to the abfolute nature of this, magnificent 
power in the fyftem of nature. _ 

My reading in chemiftry does not wile me to. fay, how far 
the do@trine of latent heat is, in thefe precife terms at leaft, ad- 
mitted as a principle in the received theories of combuftion and 
animal heat ; but, to my limited apprehenfion, it appears to be 
the only folid foundation of any theory that proceeds upon the 


fuppofed decompofition of ignifying or vital air, manifefting 2 — 


light and heat previoufly latent in fuch air, We can have no 
direét proof of latent heat in the atmofphere, or permanently 
elaftic fluids, and it is from analogy only that we affume it to exift 
in fuch fluids. The maxim of NEwTon, indeed, may be applied 
here, that what is uniformly obferved in any department of nar 
ture, as far as our experience reaches, may be {afely deemed ge- 
neral within fuch department; and the heat which we find dif- 

| appear 


Ir is no doubt a “mighty increment in to-have fuch powerful 
fubftances operating, as the writer of thefe minutes apprehends, without gravita- 
tion, inertia, or impenetrebility, the great bafes and columns of the mechanical 
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appear in liquefa@tion and evaporation, we may fafely affume as 
-exifting alfo, though in a latent ftate, in every fluid of a fimilar 
form. Even Buacx admitted, that in the atmofphere, under 
all the manifeft changes of its temperature, there pax be, and 
‘probably is, a very great meafure of latent heat. : 
Sucu were the fcientific difcoveries of BLacx, when refading 
as a ftudent at Glafgow:or at Edinburgh, at leaft before his no- — 
‘mination to.a profefforfhip at either place. When his friend Dr 
CULLEN was removed from Glafgow to Edinburgh, BLACK was 
- appointed to fucceed as Profeflor of Medicine at the. former 
-place ; and ‘following: his example as lecturer on Chemiftry alfo, 
_ owas, from this time forward, more employed in detailing parti- 
culars already known, for the information of his pupils, than in 
purfuing any feries of inveftigation for himfelf. | 
_ In entering upon this taf, it became matter of courfe to de- — 
the ference, and: even'in this our Profeflor gave a fpecimen 
-of his charaéter, and the! modefty of his pretenfions, in a matter 
Whe nature, is in all its 
whether they rife into the heavens, or fink into the bowels of 
the earth. (We iare placed in a bufy fcene, and ‘have our fafety 
- and accommodations at ftake, in the midft of operations and 
changes. that greatly affect them. The principles that operate in 
our fyftem are the objects of our fcience, and when known, ‘be- 
come the inftruments of our art; towards procuring: what. it has 
pleafed Providence to make the conditions of our prefervation 
and well-being. In refpect to thefe principles, fcience becomes 
an acceflion of {kill to every manufacturer, and to every labour- 
er of the foil, as it isto the contemplative an opening into the 
interior fprings, which are employed in the production of fo 
much beauty and order in the fyftem of nature around us ; and 
is the — which, the of 
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alchemy, or the myfteries of fupernatural power, the chemift might 
affume to his ftudies. But,in thefe, BLack ftill faw no more than 
refearch and inquiry, far fhort of complete {cience or compre- 
henfive fyftem, and he characterized the ftudy.on which he was 
to enter, by the ufe of its principal inftruments, Mixture and 
Heat. If difcoveries have fince raifed it'to a higher rank among 
the branches of natural fcience, he himfelf has contributed his 
fhare in the progrefs it has made. :He ‘had! publithed his difco- 
very of fixed air,in a pamphlet, about the time that he obtained 
his degree in medicine ; but that of. latent heat was never other- 
wife publifhed than as a part of his academical courfe. His pu- 
pils, indeed, being numerous, and from. different ‘parts of the 
“new, as well as the old world, made his dottrine fufficiently 
known *. ai to 
_ Arrer a few years employed by CuLven in the firft profef- 
fion to which he was appointed at Edinburgh, he was removed 
to a different branch of the medical fchool; and Buack, as be- © 
fore, being called to fucceed him, was, on the 17th of April 1766, 
admitted Profeffor of Chemiftry at Edinburgh. His talent for 
communication being noway inferior to that which he poffeffed 
for obfervation and inference, his manner of acquitting himfelf 
in his new fituation gave additional luftre to the {chools of {cience, 
and rendered him one of the principal ornaments of the Univer- 
fity, in which he continued, for about thirty years, to teach the 
different branches of chemiftry, with a reputation always in- 
creafing. His ftyle was characterized by the moft elegant fim- 
plicity. His addrefs in performing experiments was remarkable, 
and 


* Tue writer of this article has little more than heard of chemiftry as a branch 
of general {cience, and fondly embraced any doétr.ne as it feemed to conne& with 
the fyftem of mature ; but farther, his own ftudies have been fo different, that he 
would not, if he could, charge his mind with any of ics pra@tical details; and he 
- pleads the reader's indulgence, if, under this defect in treating of Biack, he ha- 
ftens to fubjoin a defcription of the man to fo imperfeé& an account of his {cience. 


i 
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and in the impreflion’ he made, fubjects perplexed or intricate — 
became perfpicuous: and--clear! of fuperfluots: or queftionable 


matter. To the and under fymptoms of declinitig-health, 


his mind gave proofs: of ftrength undiminithed. fpeaking, 


his voice, though low, ‘had! an articulation which» mad@ him be 


diftinétly heard. through évery corner. of a {pacious 


ed with. fome hundretls dfhis pupils? dridithe fimplicity ‘of his 
expreflion, if not cloquerice, had, to: thofe who: liftened’' for:infor- 
mation; fomething more engaging.and powerful than: orna: 
ment of {peeoh; could produce. yd ar 
AV.ERSE to hypothefis'ar:vain feience was a jut 
¢omprehenfion of faéts,.and. might be adopted by any artift who 
| chim, with as:much ‘faféty as he relied on alty' practice 
he himéelf had experienced.) His: tame and vattention being de: 


Yoted: to:the comishinieations had aright to ex: 
from him; very.douch dimited, his prattice as a phyfician. 


t where he was called or could attend, hié manner was fingu- 

y acceptable. Without flattery, or uncommon pretenfions to 
fill, he won. thé confidence. of: his patienits, and, with unaffeted 
éoncern for their -bdnefit; was often fuccefsful-in: mitigating their 
afferings, af not their: complaints. »“He ewas, in 


fhort, a phyfician pf great-tepute, in a:place wherethe character 


6f a phyfician implies. no: common degree:of* liberality, pro- 


ever being anxious to bring: himfelf forward into public view, 


thor, unlefs his executors fhould think proper to publith ‘the 
totes from which he ufed ‘to preledt,'and which, notwithftand- 
g the fubfequent progrefs of ftience, may ‘ftill be, of ufe to'the 
udies. 
the: publifhéd himtelf int hie own 
We may reckon his Thefis or inaugural eflay, De Acido a Cibis 
Vou. V.—P. III. P orto, 


and dignity: of ‘manners;:aé well'as 


ttle. may remain ‘with pofterity:td diftinguith! him as an-au- 
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orto, et de Magnefia Alba:—Experiments on Magnefia, Quicklime, and 
other Alkaline Subfiances, printed’: between the ‘years 1754 and 
1456 :—Obfervations on the Effet boikag bas upon Water, in making 
it freee more readily, inferted in the fixty-fifth volume ‘of the 
TranfaGtions of the Royal Society of London, for the year 1774: 
— Reetnaly/is of the Waters of fome: Hot Springs in Iceland, made at' the 
requeft of his friend: Mr Stan.tey, who brought the {pecimen 
for his infpection ; inferted in the third volume of the Tranfac- 
tions of the Royal:Society of Edinburgh :—T wo Letters, one pu- 
blifhed in the year 1784, by Profeffor Creit, in ‘the’ tenth vo- 
lume of his Collections ; the other addrefled to: Monfieur 
VOISIER, and publifhed in the 4anales de Chimie, 
‘Wits thefe notes of our Author’s ‘profeffional diftin@ion, 
readers will not expec any” tale. of. adventures or remarkable 
events, which the lives of ftudious :perfons feldom afford ;»and 
we muft conclude ‘with a: few lines of: character, {uch as thofe 
who are placed in like circumftances may ‘oncoentetl 3 as ee 
of themfelves, and for their advantage: | 
His afpeét was comely, his manner 

as he never had any thing about him for oftentation; ‘he. was: at 
all times precifely what the occafion required, and nothing ‘more. 
Much,as he was engaged in the details.of his publie‘ftation, and. 
chemical exhibitions, his chamber never)'was lumbered’ with 
books, {pecimens of natural hiftery, or the apparatus of experi- 
ments ; nor did any one ever fee. him hurried at one time to re- 
cover any,matter which had been improperly miffed at a former. 
Every thing being done in its proper time and place, he ever 
{eemed 'to have leifure in ftore, and she was ready to receive his 
friend or acquaintance, and take his part with complacence, in 
any converfation that occurred.’ No one ever, with more eafe to 
himfelf, refrained from profeffional difcuffions of any fort, or, in 
mixed company, more willingly left the fubje@ of converfation 
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to be chofen by others. Many years member of a fociety * com- 
pofed of men of the higheft rank, of Judges, lawyers and milt- — 
tary men, as well as citizens and profeffed men of letters; he 
kept his place with propriety, and in this group ‘never betrayed : 
any awkward peculiarity of his education or calling. His more 
dntimate’ affociates and friends, befides thofe of his own profe@ 
fion CurLEN and Monro, were JaMEs WATT, now of Birming- 
ham, an ‘engineer of the firft.order, whether ancient or modern, 
and ‘whio has Kappily united; in the grounds of his art, chemical 
as well-as mechanical fcience; Mr'Geppes of the Glafs-works 
at Leith, an eminent manufacturer, who well knew the value of 
his friend’s fuggéftions. Such intizxates as thefé could fearcely al- 
low Bracx to relax from the toils of his profeflional ftadies. But 
he had others, for whom his profeffion had no ¢harm; and | 
whofe attachment to him, as to-one another, arofe’ from the ex- 
perience of ingenuity and candour, rather than the identity of — 
{tudies, or agreement of opinions. Such were David Hume, Efq; 
Dr Apam SmitH, JoHN Home, ALEXANDER CARLYLE; and 
Jorn CrErx of Elden, of whom the laft, without having ever been 

at fea, inftructed the navy itfelf in naval tactics. At the-head of 
either lift, however, in refpet to Buacx’s habits of ‘intimacy, 
ought, perhaps, to have been placed James Hutton, who made 
up in. phyfical {peculation all that was wanting in any of ‘the 
others. It may be difficult to fay, whether the characters of 
Biack and Hutrow, fooften mentioned together, were moft to. 
be reed or’ contraft, Both ‘profound in 


_ * Turs fociety formed itfelf, about the year 1770, upon a principle of zeal for 
the Mizit1a, anda conviction that there could be no lafting fecurity for the free- 
dom and independence of thefe iflands, but in the valour and patriotifm of an arm- 
ed people. It became esac fome whimfical accident, by the name of the 
Poker Club, 
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phyfica} adherents to fact, in of hy- 
pothefis or, vain, conjecture, , Both of confummate humanity and 
candour..) BLACK was feriqus, but-;net morofe; Hurron play- 
ful, but not petulant. - The one never cracked a joke, the’ other 
never uuttered.a p BLACK: avas on ‘folid: ground, 
of hing it mightybe faid, molitur inepie, .. whe- 
ther for pleafantry. or feriqus reflection, could be in the air, fpe- 
culate beyond.the Jaws,of-.nature, and tréat the-common nation 
of body, with its: magnitude and miftake;! -livthefe 
fpeculations BLAcK never took any - party: farther thaniito. be 
diverted .with play, of fancy, or.refinement, of thought, 
which, he well knew,; in the cafe of his: friend Hutto, did not 
preclude the ufe.of corredt and fober reafon when the fubject 
required it, or was within. its cognifance.: The refearches of 
Hutron, were. uncemitted, and his reference to;the order and ar- 
rangement of ,this;; which he. called'a Living World; was: judi- 
cious and happy *: Unreal a8 corporeal. fubjects-were in his ap- 
prehenfion, he: eftablifhed a lucrative manufacture; on prin¢iplés 
of chemiftry, and. was-for, many ;years of his life keenly employ- 
ed in the practice of agriculture.’ To this-he was led-by becoming 
a proprietor of Jand on the death of his fatlier, when he hafteried 
to Norfolk, where he had formerly, lived with a farmier;: to’ obs 
ferve the hufbandry. of. that country. There) he purchafedca 
plough, hired, a. ploughman, and brought both on the poft.chaife 
with him to Berwickshire. . The.neighbours were diverted with 
this affortment! of icompany.and, baggage; and “ne lefs:with:the 
attempt which followed, to plough with a pair of horfes with- 
out 

an attempt to confult of fee hint would have bedi met wich a 
crous fancy, to’ ‘turd Off the 
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out a.drivers» This joke, however, has become ferious, and i is Now 
genicral: practice from one end ‘of Séotland to the other *. .” 

In-returning to BLAcK from this enumeration ofthis i intimate 
fetving, perhaps, to difelofe his charaéter no than 
-any other circumftance: ‘relating to him, we: but haften to the 
‘corichafion of a life no lefs: diftinguifhed by correctnefs and’ pro- 
_priety of conduét, than by ingenious reafoning, and fcientific 
refearch., Bully “entitled to the appellation ‘of Fragi+,—that 
feemingly of ‘the old Romans ‘were fo | 


Havive bid fo much of Horton in. this notice, 5 far his 
“merits, it may pot be improp r ‘to prepare thofe who may confult him as an au- 
“chor, to meét ‘with’ a éifappointment for which his friends could never right- 
_ly-account. Though. uncommon! y ‘and pleafant in converfation, he was 
-obfeyres: unibtelligible, and dry; in writing, to an equal.degree.” His favou- 
ite fp eis. of natural hiftary; he.ufed to fay, were Gon’ 's Books, and he treat- 
‘ed beaks ks of men comparatively, with neglea, This may, in fome meafure, 
edaGne for his want of ftyle’or his indifference to language. In company, he {poke _ 
‘to beiunderftoed by Such’ as were prefent, ‘and’ when obfcure, was called upon to 
himfelf:;:But glone; he wasinot aware that others could be at a lofs:for a 
ameaning {p clear to himfelf, «From this cirqumftance; (notwithftanding many 

3 ‘umes written in the Jaft years: of his his lifes more numerous, pethaps than all he 
ever read that weré “written by others, except the voyages and trave ‘from which 
he was perpetually collecting faéts to complete view of the eetreltrial fyitem), 


xd Os this fubjet we naj the paffage of 
Tibi aii. Sed quia, nec qui, propter metum,’ réliquit, quod-eft 
nee propter, evaritiam, clam: depofitum non deddidit, In- 

“ 5 nec temeritatem, rem geflit, quod eft, 
“gi a ppe olet, . Eas tres virtutes, Fortitudinem, Juftitiam, Prudentiam, 

complexa ;’ étfi Hoc’ quidem et ‘virtutum ;. omnes eni 

later Tes | jagatee fants: et quarta tt fit ipfa 

Hrhgalites | ¢nini yidetur off¢ propriviny motns animi appetentis regere et 


tiam, cul contrariym vitium N¢quitia digitay.” a 


+ 


| 

| 
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fond, that they ufed it to denote the foundation, or the fumma- 
ty of all the virtues, he carried into his private affairs the fame 


order and good conduét which he employed in his profeffional 
duties ; and he reaped, through life, the benefit of his attention — 
to this particular, in the eafe of his circumftances, and in the 
power it gave him, on occafion, to aflift a friend, or contfibute to 
the attainment of any public convenience. From thofe, indeed, 
who can miftake remiffhefs or improvident wafte for generofity, 
BLACK may have incurred the i imputation of penury- But the 
proofs of this charge, if ever it were brought, in his cafe were 
not to be diftinguifhed from the effects of found reafon and 
good fenfé. No one ever ftruck the proper medium more ex- 
aétly than he did. His expences were regulated, but nowife 


fordid, or unbecoming his ftation.: His houfe was fpacious ; 


and his table, at which he never imroperly declined any com- 
pany, was elegant and plentiful,’rather above than ‘below. his 
condition. His contributions for public purpofes were liberal, : 
and his purfe was always open to aflift a friend. Much of. his 
practice as a phyfician arofe from his previous. connection with 
the patient as a friend ; and he was as afliduous where he would 
not accept, or where fie’ could not SRE. a. fee, < as in ‘the moft 
lucrative part of his profeffion. 

His own conftitution never was robuit ; every he 
caught, or any approach to repletion, affected his’breaft fo much 
as to occafion a {pitting of blood. , This he guarded. againft, by 
reftricting himfelf to.a moderate or abf{temious diet. As his infir- 


anities incréafed with age; he:met them with a proportional atter- 


tion and care; regulating his food and exercife by the meafure of 


his ftrength ; ; andthus preventing the accefs of difeafe from abroad, 


he enjoyed a health which. was feeble, but, uninterrupted, and a 


mind undifturbed in the: calm:and chearful ufe of ‘his faculties. 
life fo prolonged ‘ha@’the advantage of" prefent cafe, ‘and the 


profpeét, when the juft period fhould arrive, of a calm diffolu- 
tion. 
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tion. This accordingly followed, on the 26th of November 
1799, and in the feventy-firtt year of his age, without any con- 
vulfion, fhock, agitation or ftupor, to announce or retard the 
approaches of death. Being at table, with his ufual fare, fome 
bread, a few prunes, and a meafured quantity of milk diluted with 
water; and having the cup in his hand when the laft ftroke of 
his pulfe was to be given, he appeared to have fet it down on 
his knees, which were joined together, and in this action expired, 
without fpilling a drop,—as if an experiment had been purpofely 
made, to evince the facility with which he departed. So ended a 
life which had paffed in the moft correc application of reafon and 


_ good fenfe to all the objects of purfuit which Providence had pre- 


{cribed in his lot. His effects, when looked into, fhewed how much 
he had profited by the order and juft arrangement he had ever 
maintained in his affairs ; amounting almoft to double of what any 
one thought his income or his frugality could have enabled him 
- to acquire. The whole was difpofed of by will, without fpeci- 
fying any fum, in a neat and fatisfaftory manner. Being divi- 
ded into ten thoufand hares, it was parcelled to a numerous lift 
_ of relations, in fhares, in numbers, or fractions of fhares, accord- 
ing to the degree in which ward were proper objects of his care 
or folicitude. 

TuIs account of JosEPH BLack, however inadequate to the 
merit of its fubject, is infcribed to the Prefident and Members 
of the Royal Society of Edinburgh, 


~ 


By their faithful Affociate, 


And humble fervant, 
in Tweeddale, 
23d April 1801. 


ADAM FERGUSON. 
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LIST of Memsers or Fertows of the Royat Society of 
EpINBURGH, continued from the Fourth Volume. (Hiftory of 
the Society, 


Tue following Members were elected at the General 
Jan. 28. 1799. ira 
RESIDENT. 
The Reverend Thomas Macknight, one of the Minifters of South 
Leith. LZ. 


William Robertfon, E{q; one of the Keepers of the Records of 
Scotland. L. 


NON-RESIDENT. 
The Right Honourable Lord Webb Seymour. aes 


Gavin Hamilton, Ef{q; Calcutta. L. 
Stuart, Efq; of Alanton. L. 


24- Members chofery, 
RESIDENT. 


Sir of Coul, Baronet. P. 
Mr Robert Famicfon, junior, of Leith. P. 


NON-RESIDENT. 


Matthew Baillie, M. D. London. . P. | 
Fobn Lind, M.D. Phyfician to the Royal Hofpital at Haflar. P. 
Mr William Blizard, ¥. RB. S. London, Surgeon to the London 
Hofpital. P. 
Mr Thomas Blizard, Surgeon to the Leadon Hofpital. P. 
Vou. V.—P. III. Jan.. 
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Members chofen, 
Jan. 27. 1800. 


Membets chofen, 
June 23. 1800. 


Members chofen, 
sJan. 26. 1801. 


Members chofen, 
Yan, 25. 1802. 
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RESIDENT. 
Willian 


June 23. 1800. 
RESIDENT. 


Mr Alewander Obrififon one of the: of the High Schoo 


Edinburgh. L. 
Gilbert Innes, Efq; of Stow. L. 
Walter Scott, Efq; Advocate. L. 
The Andrew Bell, D. D. 


NON-RESIDENT. 


James M. B. Phyfician to the Army. 


Jan. 26. 1801. 
RESIDENT, 


NON-RESIDENT. 
Benjamin, Count Rumford, P. 


Jan. 25. 1802. 
RESIDENT. 
William Porter, Efq; of the Ruffian Factory. LL. 


Lieutenant-Colonel David Deputy. 
Ceylon. P 


NON-RESIDENT. 


Francis Gregor, E{q; M.P. of Cornwall 
Sir William Oufeley. L. . 


Jani. 2957866) 
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| Jan. 3 I. 1803. Jam 


RESIDENT. 
Right Lord Minto, L. | 
Reverend Dr Famiefon, Edinburgh. L. 


RESIDENT. 


Dr Brows, Profeffor. of R: ic, E.di 


‘* 


"NON-RESIDENT. 


Mr Willian Wallace, Peofeffor of Mathematics in Mi. 


litary College, Marlow. P. 
‘Dr Fames Robertfon, Phyfician in P. 
The Reverend Yonathan Boucher, A. M. A. 8. London, Vicar 


_RESI DENT. 


Richard Vyfe. P. 

William Forbes,Efq; Po 

Alexander Efq; Profellor of Civil 
2 NON-RESIDENT. 

Fobn M. D. 
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Efjai fur P Hygrometrie, par le méme. 178 30 
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DONATIONS made to the Soctery OF EDINBURGH, fet 


1797: 


From Dr Black, Profeffor of Chet i in the Univer 


of Edinburgh, F. R.S. Edin., 


The Colle@tion of Foffils of the late Dr Button, F.R.S. 
Edin. May 1798. See Hiftory of the Society, P> 39 


From Mr 7. Rennie, Civil Engineer; F. R.S. Edin. 


Repacte of the late Mr Fobn Smeaton, F.R. made de in the 
his employment as an engineer. 1 797° 


Bross the Academy of Geneva. 


Voyages dans les Alpes, et H. a de Saute tom. lll. et 


iv. 1796. 


~ 


Defenfe de Hygrometre Cheveu, par le méme. ‘1788. 


Effais, Philofopbiques de feu Adam Smith, ie. T vadaits: par M. 
 Prevoft, Prof. de Philofopbie a Geneve, de l’ Acad. de Berl, et de 
Societ. Royale a’ I 


Scriptores Logarithmici, 4 vol. 4to. 1801. 


From 


ty 


From Sir WV. Oufeley. 
Perfian Lyrics free Diwan-i- Haddon Hi na- 
| From the Author. | 
: wae: and Ufe of the Sliding Rule, by Andrew Mackay, 
LL. D. F.R.S. Edin.. 8vo. 1799. 
© From the Author. 
- Effay on the Comparative Advantages of Vertical and Horizon- 
tat Wind Mills, by R. Beat/on, Efq; F. S. 1798. 
| From the Author. 3 
Des Signes et de l Art de pen fer, confi derées dans leur Rapports 
j. M. Degerando. 4 volt. 8vo. 1800. 
From the Right Hociourable Sir 7. Banks. 


Catalogus Bibliotheca Hi iftorico-Naturalis Jofephi Banks. — Auctore 
Jona Soc. Bibliothecario, tomy. 1800. 


: From the Editor. : 


Le@ures on Retard and Experimental Philofophy, by the late ‘ 
Boog 8 Adams, Mathematical Inftrument-maker to his Majefty. 
2d: Edition, by Mr Mathematical Inftrament. maker.” 5 
vols. 8vo. 179 7. 


From the Linnean London. 


TranfaGtions of the Linnean Society, vol. i, ii, &e. vol, v. I B00, 
Alfo Charter of the Linnean Society, 4t00. 


From 
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Fram the Afiatic Society. 


Afiatic Refearches, or Tranfactions of the Society infiewesh. in 
Bengal for inquiring into the Hiftory, Arts, Sciences, Litera- 
ture, &c. of Afia. vole. 1801. 


“From the Author, | 
Illuftrations of the Theory. 8y0, 189 


From Dr Blane, London, 


Scarcity of Provifions, in a Letter to the aael Honourable 


_ Earl Spencer. 8vo. 1800. 


From the Author. eee 5 


Differtatio Inauguralis de Necrofi ac Calle. 


manno Macdonald, Batavo.. Bvo. 1 


The Morbid of fome of the moft of 


the Human Body, by Matthew Baillie, M. D. F. R. S. “a, 
ad 8vo. 1797. 


From the Author. 


Series of intended to illuftrate the Morbid 
of the Human Body, 10 Fafciculi, large 4to, fram 1799. to 
1802. By Matthew Baillie 


The Tranfactions of the from to 1893, 


From 


ae Inguiané into the Caufes and Remedies of the late and prefent | 


Nova Acad. Scientiarum Imperial. fer 


the Author. 


the "Royal of Edinburgh. avols. 8vo. 180 3. 


From the Council of the Interior of ‘the Batavian Republic. 


45 


Flora Batava, Livraifons, $0. Sepp et F ills. 1803. 


From the American Society. 


Tranfadtions of, the American Society at Philadel- 
phiae 4 vols. Ato. 179% 


From the Imperial 


utan@, tom. ix, x, 


‘From Maferes. 


Tracts on the Refolution of adfecéted Equations by various me- 
thods of Approximation... Publifhed by Francis Ma/eres, Efq; 
F. R.S. London, Baron of Exchequer. 8vo. 1800. 

From the Tranflator, P. Bacounin, BE R. Ss. Edin. | 

De I’ Etat Politique de Europe avant et apres la Revolution. Tra- 

duit de Allemand de ¥. Genz. 1803. 


From the Author. 


Memoir on a Subterraneous Graphometer, invented by Fobn 
Komarzewfki, formerly Lieutenant-General in the fervice of 


the King and Republic of Poland, © 9H). 


~ 


From 


Effays, Literary, Political, and Economical, in 2 vols. by 7. Gar- | 
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